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NOTICE. 



It baa been found neceHsaiy, in the present Rudimeutar; 
Troatiae on the interesting subject of Ligbthousea — in order 
to the due development of its elementary and practicjil cha- 
racter, and to ensure its utility to students a:id the priLUtical 
engineer, and its Gomprebenaive elucidation bj the author, for 
the use of those not professionally engaged — to extend it to a 
treble part. This unavoidable increase of its bulk is the only 
excuse offered for the price being made 3s.; and it is antici- 
pated that, when the matter is investigated, — taking into 
account that there are 14 engravings, 104 woodcuts, and 15 
sheets, of Hi pages each, of espensivelj-printed matter, the 
publisher iFill receive the spprahalion rather than the censure 
of the public. 

J, W, 

JupB Sth, ISSU. 
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in mia an sans of nnmEiinin nm for oeowiiehi. 



Wbale bas prepared for publiotion, in a neat and oonTcnlent 
size, a aeries of anginal and uteM Volnraea, by the moat eeteemed 
writers, fbrning a Kudimentor; Conrse for tlie easy comprehention of 
ibe leading principles of various Sciences. 

It haa teen rpraurlic^ tlint " those who are in the ship of Science 
ought to reoiemlier that the discipieE cannot arrive wiUiout the lud of 
boate.'' Popular treati£eB are to Science what boats are to large ehipa ; 
the J HRBist people in getting H.ba^d ; hut as no one would trust himHelf 
to 11 weal! or ineffleienf host, so no one ought to begin the study of 
^leuce with an imperfect guide. It fiometimes happens that popular 
treatisfiB arB mado to appear easy by the omiasion of those very details 

through the necessary processes hy which those results are gained: 
they deal largely in fads, and leave principles untouched. 

The only method of avoiding this error is to conlide to men who are 
masters of their respective subjects, tiie task of drawing np Popular 
Introductions to the several branches of Science. The Publisher trusts 
that the foUowinglist of names will be a soflicient gnarantee to the 
Public that what be propoaea to attempt in the cause of Popular In- 
atmctlan will be done well, -and that then little treatises will fully 
answer the parposB for whioh thej are intended, namely, to become 
convenient and accurate Qnlde-Booksln Government and other Schools, 
and In Popular InstitDtiiMis generally, while their low price will place 
them witun tbe reaoh of alt classes earning their daily bread, to many 
of whom a knowledge of the elements of Science is a positive gUn in 
the commoD punoita of life, as well as a meaus of winning from gross 
tastes, and presenting to the mind noble and worthy ol^ects of stndy. 

The aeTeral Series are amply illustrated, in demy I^o, each neatly 
bound In cloth ; -and, for the conveuience of purchasers, the Snbjects 
are published separately, at the following prices : — 
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2 Mr Wcak's New Series u/ Jiudirimiitari/ Worts. 





MBKIBI or MStMBHTAKT WOXMB OF KA.VKSM4.VtOU> 

SCIENCE FOB BEaxnniBi. 

TflE Series of Eudinientary Works, for the usi- of Btginnern, harf 

seek the aUninnient of those objects of Science which belong to the 
baeiaeei of life, tad. the highest and most useful subjects [d the 
Elemeats of Art and Science. Funuiog the Bsme path, Id reader 
fliTtber to pablio Instruction, ud to direct the ntten^n of Uie 
Heads and Prtnolpalo of the nrenl Colleges and Bobools of the United 
Kingdom, and ^Mjal MiUtBr7 Aeademiea, lo theae Berial works. It 
Is intended lo publish an Elementary Oouna of Hathematiei for the 
lite of Beginusn, at Is. each Kdums. 

It has been obso'Ved Bannyeastle, in the Prefkee to bis admirable 
Elementary Work on Algebra, that "Books of Budiraents, condssly 
irritten, weU-digestcd, and methodically arranged, are treasurei of in- 
eaHmaUe valne, and too many attempts cannot be made to render them 
perfbct and complete.^* 

To carry out this new Series saccesBfully and metbodically, the most 
eminent men in Bcholaetlo erudiUon and elementary instruction have 
been selected, under the able mant^ment and editing of Jdr iiUm 
HaNH, Mathemetical Master of King's College, London, who, with the 
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The following pages conttun mj JVoteg on the JTutortf and the 
nhminaUon of lagk&oum, with a few additions in voriouB 
places, and Ezwrptg from my Aeeount of the Skenyvore Light- 
home, which were originally prepared at the desire of the 
CoHHiSBioiiERa of the Nobisbbit Lishtbodbbb. I gladly 
embrace this opportaaity of acksowledging the liberality of 
the CoHxissiONiiBa, who hare now put them at my di^osal for 
reprodnction in any form that might seem desirable. 

A. S. 

EdihbubOiI, Ikembtr 30, 1849. 
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TO 



MONSIEUR L^ONOR FRESNEL, 




Mt Seab Mr. Fresnel, 

There is no one to whom I can 
dedicate this small Volume so properly as to you. Much 
of what it contains is founded on information which I 
owe to your generosity and friendship. A great part of 
it, also, is devoted to a description of the beautiful sys- 
tem of lighthouse Illumination invented by yonr late 
distinguished Srother, Auoustik Fkeshel; who, to the 
high intellectual endowments which have extended his 
fame over the whole scientific world, united, in a re- 
markable degree, those amiable qualities which endeared 
him much to all who knew him, and most to those who 
knew him best ; and from whom, when, in early yonth, 
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I accompanied my Father to Paris, I experienced much 
consideration and kiudneaa : 

Mnltii ille bonis flebilii oceidlt ; 
TfnUi flebUloT qaam (ibi ! 

I am. 

My dear Friend, 
With every sentiment of affeotitm and respect, 
Very faithfully yoore, 

AiAK Stevenson. 
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TREATISE ON LIGHTHOUSES. 



HISTOEY OF LIGHTHOUSES, ANCIENT AND 

MODERN. 

The early hiatory of Lighttouses is very unoertMn ; and 
some ingenious antiquaries, finding the want of authen- 
tic records, have teen anxious to supply the deficiency 

by conjectures baaed upon casual and obscure allusions 
in ant'i^iit u vitev^, mv\ by vague bypochescs drawn from 
the LfLnliun n:YLli!i[i(gy. (.'ertuiu writers liavc gone so 
t'av as to ii))agi}ic that the Cyclopes were the keepers of 
liglitkouses ; whilst (itliyrs have actually maintained 
that Ojclops ivas intended, by a bold prosopopccia, to 
represent a liglithoiise itself! A notion so fanciful de- 
serres little consideration ; and very ill accords with that 
mythology of which it is intended to be an exposition, 
as seema sufficiently plain from a passage ia the niuth 
Odyssey (1. 146), where Ifomer (who floorished alwat 907 
B.C.), after describing the darkness of the night, in- 
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HISTOKY OF LIGHTHOUSES, 



forms US that the fleet of Ulysses actoally struck the 
shore of the Cyclopean island, before it could be seen. 
Os the faith, also, of Edmilar obs<!nre and finely-drawn 
etymologies, various places, snch as Galpe and Alyla, the 
opposite points of Africa and Europe, at the Straits of the 
Mediterranean, hare beejk unhesitatingly recognised as 
the sites of celebrated light-towers ; and the Latin words 
turm and {iolwnna have been supposed primarily to sig- 
nify a lighthouse, the first being ^vritten Tor-is, the rower 
of fire, and the second Col-on, tlic Pillar of the Sun. 

Nor does there appear any better reason for suppos- 
ing, that, under the history of Tithonus, Chiron, or any 
other personage of antiquity, the idea of a lighthouse 
was conveyed ; for such suppositions, however reeoncile- 
able they may appear with some parts of mythology, in- 
volve obvious inconsistencies with others. It seems, in- 
deed, most improbable, that, in those early times, when 
navigation waa so little practised, the advantages of bea- 
con-lights were so generally known and acknowledged, 
as to render them the objects of mythological allegory. 

It must not, however, be imagined, that ancient writ- 
ings are entirely destitute of allusions to the subject of 
beacon-lights for the guidance of the mariner. The 
veuerable poet already noticed, in speaking of the shield 
of Achilles, has beautifully described the flash of a bea- 
con-light in some solitary place, as seen by seamen 
leaving their friends, in lines, which contain ample 
proof of the existence of such a provision for the safety 
of the mariner in Homer's time. — II., xiz. 375. 

In fbe £iigluh Bible the word ieaeon ocoutb bnt 
once, aad that in the I^iqthedes of Isaiah (xzz. 17), who 
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ANCIENT AND MODERN. 



lived above 200 years later than Homer ; but tho ori- 
ginal, as translated by the Seventy, mwely imports a 
flagstaff or perch, and does not at all imply the know- 
ledge of beacon-lighta among the Hebrers, vho were 
not a maritime people. 

Ab.ut J(J(J J . ji. Uf_r. the Christian era, Chares, the 
disciple of Ljsippus, constructed the celebrated brazen 
atatue, ealled the Colossus of Rhodes. It was of such 
dimensions, as to allow vessels to sail into tlie liarboiir 
between its legs, which spanned the entranci!. Thure 
is considerable probability in the idea, that this figure 
served the purposes of a lighthouse ; but there ia no 
passage in any ancient writer, where this use of the Co- 
lossus is expressly mentioned. Many inconsistencies oc- 
cur in the account of this fabric by early writers, ivho, 
in describing the distant objects which could be seen from 
it, appear to have forgotten the corresponding height 
which they must thus assign to the figure. The statue 
was partly demolished by an earthquake, about eighty 
years after its completion ; and so late as the year 672 
of our era the brass of which it was composed was sold 
by the Saracens to a Jewish merchant of Edeesa, f(a 
a sum,, it is said, equal to £36,000. 

Little is known with certainty regajdiug the Hiaros 
of Alexandria, which was re^rded by the ancients as 
one of the seven wonders of the world. It was bnilt in 
the reign of Ftolemy ^iladelphna, about 300 years be- 
fore the Christian era ; and Strabo relates that Sostra- 
tns, a friend of the royal family, was the architect. He 
describes it as built in a wonderfol manner, in many 
storeys of white stone, on a rock forming the promon- 
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4 HISTORY OF LIGHTHOUSES, 

tory of the island Pharos (whence the tower derived ita 
name), and says that the building bore the inscription : 
" SoBtratus of Cnidos, the son of Dexiphanea, to the 
Gods, the SarioorE, for the benefit of seamen." He 
concludes his brief notice of it by describing the neigh- 
bouring shores as low and encumbered Vith shoals and 
snares, and a,a csilling for the establishment of a lofly 
and bright beacon, as a sign for sailors arriving from the 
ocean to guide them into the entrance to the haven. — 
(See Strabo, Oxaa., 1807, page 1123; PH». Nat. Bitt., 
ii.87, V. 31, siii. 21.) 

The accounts which have come down to m of the 
dimensions of tlii.'i remarkable edifice are exceedingly 
various ; and tlic statements of the distance at ivhich it 
could be seen are clearly fabulous. That of Joscphus 
(wlio likens it to the second of Herod's three towers at 
Jerusalem, called Phasael, in honour of his brother) is 
the least removed from probability ; yet even he in- 
forms uii. that tlic fire which burnt on the top to enable 
seamen to anchor in sight of it, before coming near the 
shore, and so to avoid the difficulty of the navigation by 
night, was visible at a distance e(iiial to about thirty- 
four English miles. Such a range for a lighthouse on 
the low shores of Egypt, woidd require a tower about 
550 feet in height!* vVmmianus MarceUinuat and 
Pliny I are both very circumstantial in their notices of 
the Pharos as a beacon-light to guide seamen in ap- 

* BdL Jndue. iv., oap. 10, aee. 6, and vi., see. 3. 
^ Aiumianufl Mfti^sellinus, 1 Joii., o. 10. 
X Plinii Hilt. Nat., uxvL 18. 
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proaching the ooaet of Egypt and port of Alexandria, 
The latter adds the interesting fact, that the cost of the 
tower w»8 reckoned at a sum eijual to about £390,000 
of our money; and both of them agree in stating, that 
a light was shewn from it at night. Atamianus Mar- 
oellinus diflers from all the other writers, in attributing 
the erection of the tower to Qaeen Cleopatra. Pliny 
mentions in passing, that there were also lighthouses at 
Ostia and Ravenna. 

If the reports of some writer.^ arc to bo believed, this 
tower must have fai- exceeded ni .-iize the i^reat Pyramid 
itself; but the iiict that a Ijniiain-, of comparatively so 
late a date, should haie po complotelv disappeared, whilst 
the Pyramid remains almost unchanged, is a sufScicnt 
reason for rejecting, as on-finciii--, die ili;iieiisioris which 
have been assigned liv ;Lii)st \^riti'is tlio Pharos of 
Alexandria. Some have pretended that large mirrors 
were employed to direct the rays of the beacon-light on 
its top, in the most advantageous direction ; hut, in so 
far as I know, there is no definite evidence in favour of 
this supposition. Others, with greater probability, have 
imagined that this celebrated beacon was known to ma- 
riners, simply by the uncertain and rude light afforded 
by a common fire. The poet Lucan, on most occasions 
sufficiently fond of the marvellous, speaks of the Pharos 
as having indicated to Julius Cfesar his approach to 
Egypt on the seventh night after he sailed from Troy ; 
but he takes no notice of the gigantic mirrors which it 
is said to have contained. It is true that, by naing the 
■word " lampada" which can only with propriety be ap- 
plied to a more perfect mode of illnmination than an 
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open fire, he appears to indicate that the "fimmii" of 
which he epeaks, were not ao produced. The vord "Inm- 
pada" may, however, he used metaphorieaUy, and "flam- 
mis" would, in this case, not improperly describe the ir- 
regular appearance of a common fire.* 

Perhaps, also, the opinion that some kind of lamp waa 
used in the Pharos, may seem to receive countenance 
from the remarkahle words of Pliny, in the passage 
above cited — " Periculum in continuatione ignium, ne 
sidus existimetur, quoniam 8 longinquo similis flamma- 
rum aspectus est." The fear he expresses. lest the light 
viewed from a distance should be mistaken for a star, 
could hardly he applicable to the diffuse, oscillating, lam- 
bent light derived from an open fire, and certainly gives 
some reason for imagining that, even at that remote 
time, the art of illuminating lighthouses was bett«r un- 
derstood than in the early part of the present century. 
Casual notices of the Pharos are also to be found in 
Csesar's Commentaries, Valerius Flaecus, and PomponiuB 
Mel&.t At Alexandria there is a modern lighthouse 
called the I^aros, which is maintained by the Pacha of 
Egypt. It may not, perhaps, be unwarrantable to sup- 
pose that the word Pharos, as applied to a lighthouse, is a 
Hellenic form of Phrah, the Egyptian name of the Sun- 
Mr Moore, in his History of Ireland, vol, i., p. 16, 
speaks of the Tower of Comaa, which he says is men- 
tioned in the traditionary history of that country as a 
lighthouse erected for the ttse of the Irish in their fre- 
* Phanal., ix. 1004. 

t CoBOF de Bell. CivU., iil; Argonmit, yii., 8i; Pompon. 
Hela, ii., 7. 
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qneut earl; interoonrse iritli Spun. In confirmation of 
tide oi»nioD, he citea ft somewhat obaenra paesage from 
.^IthiaoB, the coamographer. This, in all probability, is 
the tower which Humboldt mendosB in hia NairatlTe 
nnder the name of the Iron Toioer, which was bnUt as a 
lighthonse hj Cains Saevins Lupns, an architect of the 
<uty of Aqna Flavia, the modem Chftres. A Hghthoiue 
has lately been established on this headland, for which 
dioptric apparatus was supplied from the workshop of 
M. I^tourneau of Paris.* 

There ia also a record in Strabo of a magnificent 
linlitlidiise of stone at Oapio, or Apio, near tlio harbour 
t Mm th lis (the moJerii Mesa Afta or Puerto de 
fata. Maria), built on a rock nearly surrounded by the 
aea. as a guide for the shallows at the mouth of the 
Goadalquiyer, which he describes in terms almost iden- 
tical with those used by him in speaking of the Pharos of 
Alexandria. 1 am not aware of any other notice of this 
great work, for mch it seams to have been, to have de- 
served the praises of Strabo. t 

In Camden's Britannia, a passiiiL- notice if taken of 
the ruins called CcBSar'^ Altar, a; Dover, and of the 
Tow d'Ordre, at Boulogne, on the opposite coast; both 
of which are conjectured, on I know not what authority, 
to have been ancient ligbtbouses. Pennant describes the 
remains of a Soman Pharos near Holywell, but cites no 
anthorities for hia opinion as to its nse. There were like- 
wise^remiuns of a similar stmotnre at Flamborongfahead. 

* See klsD a curious sooonnt of the ttadilioiu tioaal tbig tower 
in Sonthey^a Letters from Spun and Fottngal, p. 17. 
t 0«on. 1807, p. 184. 
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A very meagre and nnintelligible account is also ^ven 
of a lighthonae at St Edmnsd's Chapel, on the coast of 
Korfolk, in GongVs additions to Camden, \yy which it 
might seem that the lighthouse was erected in 1272.* 

Such seems to be the sum of our knowledge of the 
ancient history of lighthouses, which, it must be admit- 
ted, is neither accurate nor extensive. Our information 
regarding modem lighthouses is of course more minute 
in its detiuls and more worthy of credit. The greater 
part of it is drawn firom authentic sources ; and much 
of what is afterwards stated is the result of my own ob- 
servation, during my visits to the most important light- 
houses of Europe. 

The first lighthouse of modem days that merits atten- 
tion, is the Toi'.r (!e Cordiuxn, which, in point of archi- 
tectural gramknr, is unquestionably the noblest edifice 
of the kind in the world. It ia situate on an extensive 
reef at the mouth of the river liaronnc, and serves as a 
guide to the shipping of ISourdeiiux and the Languedoc 
Canal, and indeed of all that part of the Bay of Biscay. 
It "was founded in the year 1584, bat was not completed 
till KilO, nnder JlenrI IV. It is niiniitoly described in 
Belidor'g Architecture Ilytlraulique. The building ia 
197 feet in height, and conaista of a pile of masonry, 
forming successive galleries, enriched with pilasters and 
friezes, and rising above each other with gradually 

* Qongh's Camdeu'i Britannia, vol. i., 318, and vol. ii.,p. 198. 
BatchelleT, in bii Dovet Guide (1845, p. Ill], sajs, thattbe 
Dover Pharos waa built " duing tbe lietrteuu^ of Aulns Plantina 
■nd Ostorioa Sc^vis, tKe latter of whom left Britain AJ>. 53." 
— ^Pntfumft History of WMt^ord and BiAgvell, p. 113. 
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diminiBlied diameters. Those g&lleries are snmoimted 
by & oonioal tower, which terminates in the lantern. 
Bound the base is a wall of cironmTallation, 134 feet in 
diameter, in which the lightkeepers* apartmente are 
formed, somewhat in the sljle of casemates. This wall 
is an outwork of defence, and receires the chief shock 
of the waves. The tewer itself contuna ft chapel, and 
various apartments ; and the ascent is by a spacious 
staircase. The first light exhibited in the Tour de Cor- 
duan was obtained by burning billets of oak wood, in a 
chanfler at the top of the tower ; and the use of coal in- 
stead of wood, was the fir.it improvoment which the light 
received. A rudu rptlector. In the forni of an inTcrted 
cone, Wits afterward.^ added, to provont tlie loss of light 
which escapedupwfirds, Aiiout thi" your 17^10, M. Lenoir 
was employed to substitute parali(>loi(ial rcficctors and 
lamps ; and in 1822, the light received its last improve- 
ment, by the introduction of the dioptric instruments of 
Augustin Fresno], t,he celebrated French Academician. 

The history of the famous lighthouse on the Eddy- 
stone Rocks is well known to the general reader, from 
the " Narrative" of Smeaton the Engineer. Those rocks 
are 9^ miles distant from the Ram-Head, on the coast 
of Cornwall ; and from the small extent of the surface 
of the chief rock and its exposed situation, the construc- 
tion of the lighthouse was a work of very great diffi- 
culty,^ The first erection was of timber, designed by Mr 
Winstanley ; and was commenced in 1696. The light 
was exhibited in November 1698. It was soon found, 
liowever, that the sea rose upon that tower to a much 
greater height than had been anticipated ; so much so, 
a2 
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it is eaid, as to '< huy vnder. the water" th« lantern, 
vMdh. was sizfrf feet above the rock ; and the engineer 
was therefore afterwards under the neoessitf of enlarg- 
ing the tower, and carrying it to the height of 120 feet. 
In KoTember 1703, some conuderable repurs were re- 
quired, and Mr Winetanley, accompanied by his work- 
men, went to the lighthouse to attend to their execntion ; 
but the storm of the 26th of that month carried awaj 
the whole erection, when the engineer and ail his assist- 
ants unhappily perished ! 

The want of a light on the Eddyetone, soon led to a 
fatal accident ; for not long after tlie destruction of Mr 
Winstanley's liglithouse, the "Winchilsea man-of-war 
was wreclced on tlie Eddysfonc Rocks, and most of her 
crew wore lost. Throo yonrs. liowini'r. elapsed, after 
this melancholy proof of tho noccs.-^ity for a light, before 
the Trinity-House of Loiulon ooiild obtain a new Act of 
Parliament, to extend their powers ; and it was not till 
the montii of Jiily 17011, that the oonstruction of a new 
liglithouse was begun under the direction of Mr John 
Rudycrd of London. On the 28th of July 1708, the 
new light was first shewn, and it continued to be regu- 
larly exhibited till the year 1755, when the whole fabric 
was destroyed by accidental fire, aft«r it had stoo>l forty- 
seven years. But for this circumstance, it is impossible 
to tell bow long the lighthouse might, with occasional 
repair, have lasted, as Mr Eudyerd seems to have exe- 
cuted bis task with much judgment, carefully rejecting 
all architectural decoration, as unsuitable for such a 
situation, and directing his attention to the formation 
of a tower which should offer the least resistance to the 
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waves. The height of the tower, whicli was of a conical 
form, and constructed of timber, was 92 feet, including 
the lantern ; and the diameter at the huso., which was a 
htti 1 tl I 1 i 1 1 t ft 

The advantatres of a liffht on the Eddjstone havinff 
been so lonu known and acknowledged by seamen, no 
time was permitted to elapse before active measures 
were taken for its restoration : and Smeaton. to whom 
ppl t 1 f d th l) t m 

mllh 1 ft tiimtlhl 

both from its weiirht and other qualities, he considered 
most suitable for the situation. On the 5th of April 
1756. Smeaton first landed on the rock, and made ar- 
rangements for erecting a lighthouse of stone and pre- 
paring the foundations, by cutting the surface of the 
rock into regular horizontal benches, into which the 
stones were carefully dovetailed or notched. The first 
stone was laid on 12th June 1757. and the last on tlie 
24th of Auffust 1759. The tower measures 68 feet in 
height, and 26 feet in diameter at the level of the first 
entire course; and (he diameter under the cornice is 
16 feet. The first 12 feet of the tower form a solid 
mass of masonry ; and the atones of which it is com- 
posed are united by means of stone joggles, dovetuled 
joints, and oaken treentulB. It is remarkable that 
Smeaton should have adopted an arched form for the 
floors of his building, instead of employing the floors as 
tie-walls formed of dovetailed stones. To ooimteract 
the ii^urions tendency of the oatwaxd thmst of those 
arched flottrs, he had recourse (o the ingenione expe- 
dient of laying, in circular trenches or grooves cut in 
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the stones which form the outside casing, tie-belts of 
chain vliich were heated before beiog set in the grooves 
by meanB of &>ii application of hot lead, and became 
tight on cooling after they were fixed in the wall. The 
light was exhibited on the 16th October 1759 ; but snch 
was the state of lighthouse apparatus in Britain at that 
period, that a feeble light from tallow candles was all 
that decorated this noble structure. In 1807, when the 
property nf thi« lighthouse again came into the bands 
(tf the Trinity- House, at the expiry of a long lease, Ar- 
gand burners, finil paraboloidal reflectors of siivered cop- 
per, were substituted for the chandelier of candles. 

The dangerous reef called the Inch Cape or Bell 
Rock, so long a terror to mariners, was well known to 
the earliest navigators of Scotland. Its dangers wore 
so generally acknowledged, that the Abbots of .\ber- 
brotbwick, from which the rock is distant about twelve 
miles, caused a float to be fixed upon the rock with a 
bell attached to it, which, being swung by the motion 
of the waves, served by its toiling to warn the mariner 
of his approach to the reef. From this circumstance, 
which formed the groundwork of Soutbey's striking bal- 
lad of Sir Ralph the Rover, the rock is said to have de- 
rived its name. Amongst the many losses which occur- 
red on the Bell Rock in modern times, one of the most 
remarkable is that of the York, seventy-four, with all 
her crew, part of the wreck having been afterwards 
found on the rock, and part having come ashore on the 
neighbouring coast. During the survey of the rock, 
also, several instances were discovered of the extent of 
loss which this reef had occasioned ; and many uiicles 
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of ship's 'furnishings ivrcv riL'tcil np r-ti it. as iv?ll aa 
varions coins, ii bayonet, a .-ilvir ^hoc-bucklo, ami many 
other small objects, Iiiipre.-'siHl iviHi the groat import- 
ance of some guido for the Be]] flock. Captain Bro(!ie, 
R.N., set OIL foot a small snhwrijition, and erected a 
beacon of spars on tlie rook, which, however, was soon 
destroyed by the sea. Jle afterwards constructed a 
second beacon, whicli soon shared tlie same fato. It 
was not, therefore, until 1802, when the Commissioners 
of Northern Lighthouses brought a bill into Parliament 
for power to erect a lighthouse on it, that any efficient 
measures were contemplated for the protection of seamen 
from this rock, which, being covered at every spring- 
tide to the depth of from twelve to sixteen feet, and 
lying right in the fairway to the Friths of Forth and 
Tay, had been the occasion of much loss both of property 
and life. In 1806, the bill passed into a law; and va- 
rious ingenious plans were suggested for overcoming the 
difficulties which were apprehended, in erecting a light- 
house on a rock twelve miles from land, and covered to 
the depth of tivelve feet by the tide. But the sugges- 
tion of Mr Robert Stevenson, the engineer to the Light- 
house Board, after being submitted to the late Mr 
Eennie, ■was at length adopted ; and it was determined 
to constract a tower of masonry, on the principle of the 
Eddyetone. On the 17th of August 1807, Mr Steven- 
son accordingly landed with his workmen, and com- 
menced the work by preparing the rock to receive the 
Bnpporte of a temporary pyramid of timber, on which a 
tnrrack-houae for the reception of the workmen was to 
be placed ; and dnring this operation, much hazard was 
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oftea inonrred in transporting the men from the rock, 
vbioh was only dry for a. few hours at Bpring-tides, to 
the vessel which la; moored off it. The lowest fioor of 
this temporary erection, in which the mortar for the 
bnilding was prepared, was often broken up and removed 
by the force of the sea. The foondation for the tower 
having been excavated, the first stone was laid on the 
10th July 1808, at the depth of sixteen feet helow the 
high water of spring-tides ; and at the end of the second 
season, the building was five feet eix inches above the 
lowest part of the foundation. The third season's opera- 
tions terminated by finishing the solid part of the struc- 
ture, which is thirty feet in height ; and the whole of 
the masonry was completed in October 1810, The light 
was first exhibited to the public on the night of the Ist 
of February 1811. The difficulties and hazards of this 
work were chiefly caused by the short time during which 
the rock was accessible hctivcon the ebbing and flowing 
tides ; and amongit ilio many eventful incidents which 
render the history of this work interesting, was the nar- 
row escape which the engineer and thirty-one persons 
made from being drowned, by the rising of the tide upon 
the rock, before a boat came to their assistance, at a time 
when the attending vessel had broken adrift. This 
OTTCumstance occurred before the barrack-house was 
erected, and is narrated by Mr Stevenson, in his Account 
of the work, published at the expense of the Lighthouse 
Board in 1824, to which I would refer for more minute 
information on the subject of this work and other light- 
houses on the ooaat of Scotland. 

The Bell Bock Tower is 100 feet in height, 42 feet in 
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diameter at the baee, mi 15 at th« top. The door a 
90 feet from the base, and the ascent is by a masdve 

bronze ladder. The apartments, inolnding the li^troom, 
are six in number. The light is a reoolvmff r«d and 
^ white light ; and is produced by the revolntion of a frame 
containing Bixteen Argand lamps, placed in the foci of 
paraboltfldal mirTors, arranged on a qnadrangnlar frame, 
whose alternate foces have shades of red glass placed 
before the reflectors, so that a red and white light is 
sheira snooessively. The machinery, which causes the 
revolution of the frame containing the lamps, is also ap- 
plied to tolling two large bells, in order to give warn- 
ing to the mariner of his approach to the rock in foggy 
weather. The erection of the Bell Eock Lighthouse cost 
£61,331, 93. 2d. 

The most remarkable lighthouse on the coast of Ire- 
land is that of Cariingford near Oanfield Point, at the 
entrance of Cariingford Lough. Itivas huilt according 
to the design of Mr George Halpin, the Inspector of the 
Irish Lights ; and was a work of an arduous nature, be- 
ing founded 12 feet below the level of high water, on 
the Hawlbowling Eock, which lies about two miles off 
Cranfield Point. The figure of the tower is that of the 
fmstiim of a cone. 111 feet in height, and -18 in diame- 
ter at the base. The light, which is fixed, is from oil 
burned in Argand lamps, placed in the foci of parabo- 
loldal mirrors. It was first exhibited on the night of 
December 20, 1830. 

The Skerryvore Eocks, which lie about 12 miles 
WSW. of the seaward point of the Isle of Tyree, in Ar- 
gyllshire, were long known ae a terror to mariners, owing 
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to the mimeroas shipwrecks, fatal alike to the Tessels 
and the crevs, which had occurred in their neighbour- 
hood. A list, oosfesBedl; incomplete, eniuneratea thirty 
yeasels lost in tbe forty jeaxa preceding 1844 ; bnt how 
mmj others, wMch during that period had been reported 
as " foundered at sea," or as to whose fate not even an 
opinion has been hazarded, may have been wrecked on 
this dangerous reef, which lies so much in the track of 
the shipping of Liverpool and the Clyde, it would be 
vain to conjecture.* The Compiasionera of the Northern 
Lighthouses had for many years entertained the project 
of erecting a lighthouse on the Skenyvore ; and with this 
object had visited it, more especially in the year 1814, 
in company with Sir Walter Scott, who, in his diary, 
gives a graphic description of ita inhospitable aspect. 
Tho great difficulty of landing on the rock, which is worn 
smooth by the continual beat of Atlantic waves, which 
rise with undiminislicd power from tho deep water near 
it, held out no cheei'ing prospect ; and it was not until 
the year l.S.Si. when a minute purvey (if tlie retf was 
ord^'reil by the Board, that tho idea of coranicneing this 
formidable work was seriously emiiriiced. 

The reef is composed of numerous rocks, stretching 
over n, surface of nearly miles from WSW. to ENE. 
The main niirUu.''. which iilone presents sufficient surface 
for the base of a lighthouse, is nearly 3 miles from the 

* The ialuideTB of Tyree made regular trips afler etonna to tlie 
Rack, and often retnmed with their boats loojied witli areeh.- 
Even during the progress of the works, a ship's anchor, and Bome 
Chun cable much rnsted, and other articlee, were fished &om the 
hollows of the leef. 
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seaward end of tho cluster. It is composed of a very 
compact gneies, worn smooth as glass hj the incessant 
play of the waters, and is so small that at high water 
little remains around the base of the tower but a narrow 
band of a few feet in width, and some rugged humps of 
rock, separated by gullies through wliich the sea plava 
almost incessantly. Tlio ciittnig of tho foundation for 
the tower in this irregular ilinty w.d.'^s occupied nearly 
two snTviTiiens ; and the blasting of the rock, in 80 narrow 
a apace, mthout rmy shelter from tho risk of flying 
splinters, was attended with much hazard. 

In such a situation as that of Skerryvore cverytliini; 
was to be provided beforehand and transported from a 
distance : and the omission in the list of wants of even a 
little clay for the tamphnj of the mine-holes, might for a 
time have entirely stopped the n orks. ISarracks were to 
he built at the workyard in the neighbouring Island of 
Tvree, and also in the Isle of Mull, where the granite for 
tJio tower was quarried. Piera were also built in Mull 
and Tyree for the shipment and landing of materials ; 
and at the latter place a harbour or basin, with a reser- 
voir and sluices for scouring the entrance, were formed 
for the accommodation of the small vessel which attends 
the lighthouse. It was, besides, found necessary, in 
order to expedite the transport of the building mate- 
rials from Tyree and Mull to Skerryvore Rock, to build 
a steam-tug, which also served, in the early stages of 
the work, as a floating barrack for the workmen. In 
that branch of the service she ran many risks, while 
she lay moored off the rook in a perilous anchorage, 
with two-thirds of the horizon otfoul ground, and a 
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rooky and deoeitfol bottom on vhich the anohor often 
tripped. 

The oper&tionB at Skenyvore were commenced in the 
summer of 1838, by placing on the rock a wooden bar- 
rack, similar to that first used by Mr Robert Stevenson 
at the Bel! Rock. (Sec "Plato TI.) The framework 
was erected in the course of thf; season on a part of the 
rock as fur romnved as pos.siblc from the proposed foun- 
dation of the liglitliouse tower ; but in the great gale 
which occunTd on the nii^ht of the 3d of Xovember fol- 
lowing, it was entirely destroyed and swept from the 
rock, nothing remaining to point out its site but a few 
broken and twisted iron stancheons, and attached to one 
of tliem a piece of a beam so shaken and rent by dash- 
ing against the rock as literally to resemble a bunch of 
laths. Thus did one night obliterate tlio traces of a sea- 
son's toil, and blast the hopes which the workmen fondly 
cherished of a stable dwelling on the rock, and of refuge 
from the miseries of aea^sickness, which the experience 
of the season had taught many of them to dread more 
than death itself. After the removal of the roughest 
part of ite foundation of tho tower had been nearly com- 
plet«d, during almost two entire seasons, by the party 
of men who lived on board the vessel while she lay 
moored off the rock, a second and successful attempt was 
made to place a second beacon of the same description, 
hut strengthened by a few additional iron ties, b h, 
and a centre post, o o, in a part of the rock less ex- 
posed to the breach of the heaviest waves than the 
site of the first barrack had been. This second hoose 
braved the storm for several years after the works were 
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finisted, Ahen it was taken down And removed from the 
rook to prevent any injury from its sudden destruction 
by the waves. Perched 40 feet above the wave-beaten 
rock, in this singular abode, the writer of this little 
Tolame, with a goodly company of thirty men, has spent 
many a weary day and night at those times when the 
sea prevented any one going down to the rock, anxiously 
looking for supplies from the shore, and earnestly long- 
ing for a change of wcatlicr favourable to the recom- 
mencement of tlie works. i-'oT miles around nothing 
could be seen but white foaming breakers, and nothing 
heard but howling winds and lashing waves. At such 
seasons much of our time was spent in bed ; for there 
alone we had effectual shelter from the winds and the 
spray, which searched every cranny in the walls of the 
barrack. Our slumbers, too, were at times fearfully in- 
terrupted by the sudden pouring of the sea over the roof, 
the rocking of the house on its pillars, and the spurting 
of water through the seams of the doors and windows, 
symptoms which to one suddenly aroused from soimd 
sleep, recalled the appalling fate of the former barrack, 
which had been engulphed in the foam not twenty yards 
from our dwelling, and for a moment seemed to summon 
QB to a similar fate. On two occasions, in particular, 
tiLose sensations were so vivid as to cause almost every 
one to spring out of bed ; and some of the men fled from 
the barrack by a temporary gangway, to the more stable 
but less comfortable shelter afi'orded by the bare wall of 
the lighthouse tower, then unfinished, where they spent 
the remainder of the night in the darkness and the cold. 
Th« deugn for the Skerryrore Lighthouse was given 
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by the -writer of this Tolnme, and was an adaptation of 
Smeaton's Eddyatone Tower to the peculiar situation and 
th? eircumatances of the case at tlic Skciryvore, with 
such modifioationa in the general arrangements and di- 
mensions of the hnilding, as the enlarged views of the 
impnrtanfc of liditlionscs iv}ii(;]i prevail in the present 
day fifcnicd >n call for. These peculiarities will, how- 
ever, bo noticfid incidentally in n suliseqiient pan of this 
volume whicli treats of tlio coiii^truction of lighthouse 
towers ; and it will only bo noci^ssary in this place to 
notice a few of the principal dimensions of the building, 
and some circumstances connected with the i\ (>rk. 

The quarries in Tyree Laving failed to produce an 
adequate supply of materials for the flork, recourse was 
had to the granite rock of the Jioss of Mi'.Il., access to 
which, free of all tax or ground-rent, w:is. in the most 
liberal manner, granted hj the proprietor. His Grace the 
Duke of Argyll. This ehan^c lA nin i atiiins involved, as 
already noticed, the cost of a separate establishment in 
the Isle of Mull, as well as the expense attending the 
doable reahipment of the materials, and their tranapoii 
from Mull to Tyree, a pasaage of about 30 miles through 
a very rough seaway. The produce of the Mnll quarries 
exceeds anything in the modem statistics of granite 
quarries with which I am acquainted; and those who 
feel an interest in the snhject of quarrying and dressing 
granite, may find the principal details ^ren between 
pages 112 and 127 of the Aeeotmt of Ute Skerryvore 
lAghQuyaae. 

The Skerryvore Tower is 138 feet 6 inches high, and 
42 feet in diameter at the base, and 16 feet at the top. 
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It contaiuB a mass of Btone work of abont 66,580 oabic 
feet, Qr more than (2ou&Ze that of tlie Bell Book, sad not 
mnch less than five Urnea that of the Edd;]r8tone. The 
lower part of the tower was built b; means oi jih-ercmeg, 
and Uie upper purt with aheM^lea, tt^edlet, and a bal- 
anee-orane. The shear-poles were similar to those need 
by Smeaton at the Eddystone ; and the jUhcranee and 
ialcmoe-crane were the same as those which were de- 
»gaed for and first employed by Mr Robert Stevenson, 
in the ereodon of tbe Bell Book lighthouse. The bal- 
ance-orane used at Skerryrore, whidi was necessarily 
somewhat larger than that of the Bell Bock, is shewn at 
Plate III., in which a & is a portion of a cast-iron pipe 
or pillar, erected in the centre of the tower, and suscep- 
tible of being lengthened as the tower rose, by means of 
additional pieces of pillar let in by spigot and faucet 
jointB. On this pillar a frame of iron was placed, capable 
of revolving freely round it, and carrying two trussed 
arms and a double train of barrels and gearing, worked 
by men standing on the stages S S, which revolved 
round a i>, along with the framework of tlie crane froiu 
which they liung. On the one arm hung a cylindriij 
weight of cast-iron W, which could be moved along it 
by means of the gearing, so as to increase or diminish 
by leverage its effect as a counterpoise ; and on the 
other was a roller E, The roller was so connected 
with the weight on the i>ii])iisite iinii. ;ls to move along 
with it, receding from or uppvoaching to the centre pil- 
lar of iron in the same manner as the weight did. From 
the roller hung a sheaye, over which a chain moved, with 
a hook B at the end for raising the stones. When a 
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Btone was to be raiaed, the weight and the sheave were 
draws oat to the end of the arms at F of the crane, which 
projected orer the outside of the walls of the tower, and 
they were held in their places by umply locking the 
gearing which moved them. The second train of gear- 
ing was then brought into play to work the chain which 
hung over the eheave, and so to ruse the stone to a height 
sufficient to clear the top of the wall. When in that 
position, the first train of gearing was slowly unlocked, 
and the slight declivity inwards from the end of the 
arms formed an me&ted plane, along which the roller - 
carrying the sheave was allowed slowly to move (one 
man using a break on the gearing to prevent a r&pid 
run), while the first train of gearing was slowly wound 
by the others, so as to take up the chain which passed 
over the sheave, and thus to keep the stone from de- 
scending too low in proportion aa it approaohed the centre 
of the tower. When the stone so raised had reached 
such a position as to hang right over the wall, the crane 
was made to turn round the centre column in any direc- 
tion that was necesaary, in order to bring it exactly 
above the place where it was to be set ; and by working 
either train of gearing, it could be moved horizontally 
or vertically in any way that was required. A needle 
is merely a beam projecting from the building, with a 
pulley at its outer end, through which a chain is worked 
by moans of a crab placed inside the tower ; it was 
used for raising the stone to such a level as te be within 
reach of the chain from the balance-crane on the top of 
the building. 

The mortar used at the Skerryvore was compounded 
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of eqnal parts of limestone (&om th« KJkin Mountain, 
near Holywell, in Kortli Wales), burnt and gronnd at 
tlie works, and of FoBzolsao earth. The mixture was 
carefully beaten up to the required ooneistenoy with sea- 
water. AH the joints of each coarse of the building were 
oarefiilly filled with grout, which is cement in a fluid 
state. 

The light of Skerryrore is revolving, and reaches its 
brightest state once every minute. It is produced by 
the revolution of ^ght great annular lenses around a 
• central lamp with four wicks, and belooga to the first 
order of dioptric lights in the sjstem of Fresnel. It is 
identical with that which is shewn in Plates IV, and V., 
and described in the second part of this treatise. The 
light may he seen from a vessol's deck at the distance 
of eighteen miles. 

The entire cost of tlie lighthouse, including the pur- 
chase of the steam -vessel, and the building of the har- 
bour at Hjnish for the reception of the small vessel 
which now attends the lighthouse, was -CBG.OTy, 17s. 7d., 
the detailed items of which will be found In the Appendix 
to the Account of the Lighthouse, already alluded to. 

In such a situation as the JSk(;rryvore. innumerable 
delays and disappointments were to be e.\pectt;d by those 
engaged in the work : and the entire loss of the fruit of 
the first season's labour in tlie course of a few hours, was 
a good lesson in the school of patience, and of trust in 
something bettor than an arm of flesh. During our pro- 
gress, also, cranes and other materials were swept away 
by the wares ; Tessels were driren by sudden gales to 
seek shelter at a distance from the rocky shares of Mull 
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and Tyree : and the vorkmen were left on the rock de- 
sponding and idle, and destitute of many of the comforts 
with whicli a more roomy and sheltered dwelling, and 
the neighbourhood of Mends, axe generally connected. 
Dioly risks were ran is landing on the rock in a heavy 
surf, in blasting the splintery gneiss, or by the faUing 
of heavy bodies from the tow6r on the narrow space be- 
low, to which so many persons were necessarily confined. 
Yet had we not aaj loss of either life or limb ; and al- 
though our labours were |avlonged from dawn to night, 
and our provisions were chiefly salt, the health of the < 
people, with the exception of a few slight cases of dysen- 
tery, was generally good throughout the six successive 
summers of our sojonm on the rock. The close of the 
work was welcomed viih thankfulness by all engaged 
in it i and our remarkable preservation was viewed, even 
by many of the most thoughtless, as, in a peculiar man- 
ner, the gracious work of Him by whom " the very hairs 
of our heads are all numbered." 
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ON THE COXSTRLXTIOX or r.TGHTllOI.'.SK TOWERS. 

In making a design for a Li^rlitliousc-Towor in a situa- 
tion exposed to tlie force of the waves, numerous con- 
aidcrations at once present tliemselvea to the engineer ; 
and it is difficult to assign to any one of them a priority 
in the train of thought which eventually conducts him 
to the formation of his plan. These considerations, how- 
ever, may be conveniently divided into two classes : — 
1st, Those which refer to elements common to light- 
houses in all situations, and differ only in amount, such 
as the height of the tower necessary for commanding a 
given TiBible horizon, and the accommodation required for 
thelightkeepeniandthe stores ; and, 2(j, Those which are 
peculiar to towers in exposed situations, and which refer 
solely to their fitness to resist the force of the waves which 
tends to overturn or destroy them. The first class of con- 
siderationa is so extremely simple, as to require bnt few 
remarks in thia place. The distance at which it is desira- 
ble that a light shonld be visible being ascertained, with 
reference to the nature of the Burroimding sefts and the ex- 
tent to which any dangerons or foul ground lies seaward 
of the proposed lighthouse, the height of the tower is at 
once determined by means of the known relations which 
subsist between the spheroidicity of the earth, the efitets 
of atmospheric re&aotion, and the height required for an 
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object which ia to be seen &om & giTen distance. The 
qneBtion regarding the Bpace to be provided in the inte- 
rior of the tower, can only be properly answered by a per- 
son who has a minute practical acquaintance ivitli tho 
peculiar internal economy and management of a light- 
house. The accommodation required for liglithonses in 
exposed situations most, in a considerable degree, de- 
pend upon the greater or lesa facility of access to them, 
and the opportunities for replenishing the stores of all 
kinds which arc in daily consumption. In such places, 
also, the risk of accidents naturally leads to the precau- 
tion of retaining additional lightkeepers, and of having 
duplicates, or eventriplets, of those parts of the apparatus 
that are liable to be injured. Of such circumstances, 
corresponding extension of the space devoted to the re- 
ception of stores and the accommodation of the light- 
keepers, is the necessary consequence. In the long 
nights of ivinter, when tho lamps are kept burning in 
the northern parts of Groat Briiaiti for about seventeen 
hours, during which time they are never left for a mo- 
ment without the superintendence of at least one keeper, 
the care of the light, even in the most favourable situa- 
tions, necessarily occupies at least two persons ; but in 
places like the Eddystone, the Bell Eock, and the Sker- 
ryvore, whore it sometimes happens that six or eight 
weeks elapse without its being possible to effect a land- 
ing, it has been thought necessary that there should 
never be fewer than three keepers on dnty. This addi- 
tion to the ordinary estahlishment of a lighthouse c&lb 
for a greater number of sleeping-cabins, and, . at the 
same time, inTolres a eortesponding increase in the snp- 
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plj of water, fuel, and otlier proviuong, requiring moeh 
.additional stowage. So far, therefore, a light-tower in 
an exposed situation, di£FerB from one on shore only in 
the extent of its internal accommodation. 

The second daaa of considerations, which must guide 
the engineer in framing a design for a light-tower which 
is exposed to the force of the waves, refers solely to the 
stahility of the building. 

The first observation ■which must occur to any one 
who considers the subject is, that we know little of the 
nature, amount, and modifications of the forces, on the 
proper investigation of which the application of the prin- 
ciple which regulates the construction must he based. 
When it is recollected, that, so far from posaeasing any 
accurate information regarding the momentum of the 
waves, we have little more than conjecture to guide us, 
it will he obvious, that we are not in a situation to esti- 
mate the power or intensity of those shocks to which sea- 
towers are subject ; and much less can we pretend to 
deal with the variations of these forces which shoals 
and obstructing rocks produce, or to tlotorminc the power 
of the waves as destructive agents. Xo ajstematic or 
iuteliigibJe attempt has been made practically to mea- 
sure the force of the waves, so as to furnish the engineer 
with a constant to guide him in his attempts to oppose 
the inroads of the ocean. The only experiments, in- 
deed, on the subject, are those of Mr Thomas Stevenson, 
civil engineer, who had long entertained the idea of re- 
gistering the force of the impulse of the waves, and 
lately oontriTed an instniinent for &e porpose, which 
he has ai^ed at ratioiiB parts of the coast. The re- 
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Bulta he has detailed in the Transactions of the Royal 
Society of Edinburgh of 20th January 1845. It would 
naturally be expected, that the force of the waves should 
vary according to the season of the year and the nature 
of the exposure ; and this expectation is fully justified 
by the indications of the Marine Dynamometer. Thas 
it appears, that during five summer months of 1843 
and 1844, the average indications registered at difierent 
places near Tyrec and Skcrryvorc, jiavc bl 1 lb. of pres- 
sure per square foot of suriaci^ i;x|)osml to the waves ; 
while the average for the muter inuntiis for the same 
plaeea during those two vcars, pave Jlibb lb. per square 
foot, or upwards of three irnii's that of the summer 
months. It also appears, that the greatest result as yet 
obtained at bkerryvorc Eock mas 4r3i(5 lb. per square 
foot : while that observed on the Bell Eoek was 3013 
lb., or one-fourth part less than that of bkerryvore. 
But these experiments have not been continued long 
enough, nor. as vet. applied to a sufficient variety of 
places to render them available for the engineer. In 
the present state ol mu- inturmation. thoroiore. wc can- 
nrt be jid ii \ sl iil l! iiii nt'. if c\ii.t initstiga- 
tioa, and must consei[uentlv be £;uided chiefly by the 
results of those numerous eases which observation col- 
lects, and which reason arranges, m the form which 
constitutes what is called professional experience. This 
kind of experience can only bo acquired bv long habit 
in carefully observing the appearance and effects of 
waves in different situations, and under various ciroum- 
atances. We must attend to their magnitude and velo- 
city, their level in regard to the rocks on which they 
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break, the height of the spray caused by their collision 
against the shore, the maases of rock which they have 
teen able to move, ami those ivluch have sue cess fully 
iP'iiated their t lult l il wh il u h i \i t the 
slopes of the shores produced by the waves, viewed la 
connection with the nature of the niatenaia composing 
the beach, with many other transient features which an 
experienced eye seiaea and fixes in the mind as ele- 
ments of primary importance m determining the power 
of the sea to produce certain effects. Such phenomena, 
with all their features and circumstances, we may carry 
in our recollection ; and by comparing them with what 
has been observed at places where we know that arti- 
ficial works have resisted the shocks of the waves, we 
may in some cases successfully arrive at a concloaion as 
to what works will, at all events, he within the bounds 
of safety. We must not, however, in any case, ,venture 
to'approacli very.near tlie limit of stability, so long as 
we continue to lahonr under our present disadvantages 
of defective information on some of the most important 
elements in the inquiry. If it be asked, therefore, how 
the »ze and form of buildings exposed to the shook of 
the waves are to 1>e determined, the answer must be, 
that, in any given case, the problem is to be solved 
chiefly by the union of an extensive knowledge of what 
the sea has done against man, and how, and to what 
extent, man has succeeded in controlling the sea ; to- 
gether with a cautions comparison of the circumstances 
which modify and affect any given ease which has not 
been the object of direct experience ; nor does it seem 
possible 2^ yet to fonnd the art of engineering, in so far 
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as it refers to this class of ivorkii, upon any more exact 
basis. The uncertainty wliich must ever attend sucli 
reasoning can only, it ia obvious, be dispelled by a^stniJ 
experience of the result; and time only can test the 
success of our schemes in all cases of difficulty, 

A primary inquiry, aa to towers in an exposed situa- 
tion, is the question, whether their stahility should de- 
pend upon their strength or their weight,- or, in other 
words, on their cohesion, or their inertia ? In prefer- 
ring weight to strength, we more closely follow the courso 
pointed out hy the analogy of nature ; and this must not 
he regarded as a mere notional advantage, for the more 
close the analogy lietweeii nature and our works, the 
less difficulty we shall experience in passing froni na- 
ture to art, and the more directly wili our observations 
on natural phenomena hear upon the artificial project. 
If,, for example, we make a series of observations on the 
force of the sea, as exerted on masses of rock, and en- 
deavour to draw from those observations some concln- 
sions as to the amount and direction of that force, as 
exhibited by the masses of rock which resist it sncceas- 
fiilly and the forms which those masses assume, ve shall 
pass naturally to the determination of the nuus and form 
of a building which may be capable of opposing similw 
forces, because we conclnde, with some reason, that 
mass and form of the natural rock are exposraits of the 
amount and direction of the forces they have so long con- 
tinued to resist. It will readily be perceived, that we are 
in a very di£^«nt and lees advantageous position when 
we attempt, irom such observations of natural pheno- 
mena in which weight is soldy concerned, to deduce the 
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etrength of an artificial fabric capable of resiBtmg the 
same forces : for we must at once pass from one cate- 
^ni\(nnrlir ml < mli u jurl ilc t rmint thf tint^th 
,f I 1 ,| ,, ui I ' /III rt |, t «liul. shlll 1 able to 
sutui tlu uiii h il 1 n l^ t \ ilirect L\pe 

iieui_L m \ Iji IL 1 ti.dl>\ J ^i\tn u / iht ViictliLr icry 
luim ilisumLvwl biul.l pitlLi . nnl wj^Ar 
ti, // nqlh 1 1 niK'-iif tLbihtv I that the eftei,t of 
mere mcrtia is constant and unclmngeable m its nature : 
while the sli-ax/lh whitli results, even from the most ju- 
diciouslj-disposed and well-executed fixtures ot a com- 
paratively light fabric, is constantly subject to be im- 
paired by the loosening of such fixtures, occasioned by 
the almost incessant tremor to which structures of this 
« kind must he subject, from the beating of the wayes. 
MasB. therefore, seems to be a source of stability, the 
effect of which is at once apprehended by the mind, as 
more in harmony with the conservative principles of na- 
ture, and unquestionably less liable to be deteriorated 
than the strength, which depends upon the careful pro- 
portion and adjustment of parts. 

Having satisfied himself that weight is the most eligi- 
ble source of stability, the next step of the engineer is, 
to inquire what quantity of matter ia necesBuy to pro- 
dnce stability, and what is iiie most advantageooB form 
for its arrangement in a tower. Hie first question, 
which respects the mass to be employed, is, as dready 
stated, one of the ntmoat ditScnlty, and ean be solved by 
experience alone, directed by that natural sagacity which 
Smeaton, in his acconnt of his own thonghte on the sub- 
ject, with much wiivetle, terms "feeUngt" in contradis- 
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tiuction to that more accnrate proeeaa of dedaction which 
ha calls " calculation." It is verj difficult, for example, 
to conceire ttat the wares could displace a cj-lindric 
block of granite, 26 feet in diameter and 1() feet liigh, 
which would contain about 380 tons ; and k<; almost feel 
that they could not do so. If, in order to test the sound- 
ness of this expectation, we appeal to such experience as 
we possess, and apply to the largest vertical section of 
such a solid, the greatest force yet indicated by Mr Tho- 
mas Stevenson's Marine Dynamometer, which, as already 
stated, is 4335 llj. * per square foot, if c shall ohtain a pres- 
sure of 4S4: tons, which, heing.reduced by one-ludf^ for 
the Joss of force occasioned by the convexity of the op- 
posing cylinilric surface, gives 242 tons, as the greatest 
force of the navf^ iondin,^ ilisplace the cylinder. But 
in the extreme ca=i' ivc tuvo now supposed the solid will 
be entirely immersed in tlie water, and its efficient weight 
will thus be reduced by 140 tons, or the weight of an 
equal hulk of sea-water ; and the remaining weight of 
240 tons, hy which it will resist the force of the waves, 
will be almost exactly equal to the pressure which they 
exert. This imaginary cylinder may, however, be re- 
garded as still within the limits of safety, because the 
waves could not overturn it, unless their pressure ex- 
ceeded the weight of the block in a ratio greater than 
that of its diameter to its height, which in this case is 
that of 25 to 10, or 2^ limes. In order, tiierefore, to 
endanger the stability of the solid by overturning it, 

* ReBDlta as high u 6000 It), have rinoe been ssoertHuied. 

t Tbiiredoctioti teemi tobewamutedliy the KBultaof tome 
experinients of Bostnt. 
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the pressure, instead of being 240 tons, moat be 600 
tons.* We h&re thus seen, that the cylinder ia secure 
from the chance of being overturned ; but we have yet 
to consider how far it is exempt Irom the risk of being 
displaced by the pressure of the waves, causing it to 
slide along the surface of the root, owing to deficiency 
of friction between the two surfaces in contact. The 
block, for our present purposes, may be regarded as 
monolithic, or as a mass composed of parts so united 
by joggles, treenails, and mortar, as to be free from any 
tendency to disintegration by the force of the waves ; 
and in this case the stability of the cylinder will depend 
upon the amount of friction opposing the pressure of the 
waves which tends to produce a sliding movement. It 
appears, by some experiments of M. KondGlct,t that the 
friction of a block of stone sliding on a chiselled floor 
of rock is equal to yV^hs of its own weight ; aad we 
should tlius obtain in the present instance 168 tons, as 
the amount of friction tending to resist the pressure of 
the waves, which would therefore exert a power superior 
to that resistance by 74 tons.| But this excess of force 
would be easily iieutraliiied by the adhesion of the mor- 
tar and the abutment of the block against the sides of 
the foundation-pit into which lighthonse-towers in snch 
exposed places are generally sunk in the solid rock. 

• Thii is theprodDct of 210 tonf, by the ratio of 2-,5. 
t L'art de Mtir. 

j The nnmber 168 h -^jtha of 2iO, which is the weight of the 
cylinder, reduced bj the weight of an ecioal bulk of ealt water ; 
and 74 ia tiie ezoew of 312 tons, the praunre of the waves, above 
168, the amoont of fnetion. 

b2 
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When, in sdditdon to these conaiderations, we learn that 
the solid Irualum, or lower part of the Eddjstone Tower, 
which has weathered so many storms for the last ninety 
years, does not mnch exceed in mass the imaginary 07- 
lindric block which I have spoken of, onr confidence in 
the stability of the cylinder is greatly increased. Onr 
belief rec^TOs a still farther confirmation from the fact, 
that the strongest inetance recorded of the power of the 
waves, falls considerably sbort of the cage which I have 
juBt imagined. The instance alluded to is given in Mr 
Lyell'a Geology, on the authority of the Eeverend George 
Low, of Fetlar, in Zetland, who mentions, that a block, 
whose dimenmons seem to give us reason to estimate ita 
weight at nearly 300 tons (or about one-fifth less than 
that of the cylinder), was moved over a point, and thrown 
into the sea ; and it roust be remembered, that the form 
of this block, which was only 5 feet thick and about 40 
feet long, rKnderod it very suseeptiblc of a sliding mo- 
tion, and must have greatly aided its transport. We 
may therefore not unreasonably conclude, that, in de- 
signing such a tower, it is safe to assume a mass which 
our own judgment and recorded facts seem to concur in 
pronouncing, beyond the power of the greatest waves, as 
fixing the lowest limit to which the contents of the pro- 
posed edifice may be reduced. 

There are several circumstances, however, which t«nd 
to increase or diminish the stability of the same mass 
exposed to the same forces. Of these a very prominent 
one is the form of the mass, which may be so modified 
as to offer more Or less refdstuioe to the forces which 
assaolt the boilding. TUsm a parallelopiped would be a 
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much less Bnitable form for a sea-tower than a cylinder, 
and so proportionally of all the polygonal prisme which 
may occur between these two extremes. I remember 
having heard it proposed, in the course of conversation, 
by a non-professional friend, that Hghthouse-towerB 
might he formed in such a manner, that each horizontal 
aoetion should be a wedge with its narrow end directed 
to the greatest assaulting force. This notion is in it- 
self nut ilcstitutc of ingenuity ; for, if the circnm- 
stfinccs to ivhieh it is to be iuliipted wore constant, 
we siiould thereby present the form of least resistance, 
and, at the same time, the greatest depth and strength 
of iLo building to the line of greatest impulse. But 
the notion is wholly impracticable, because the direc- 
tion of the winds and waves is so variable, as to render 
it almost certain that a tower so constructed would, on 
some occasion, be assaulted in the line of its thinnest 
soetion ; and thus, what might in case bf an advan- 
tage, would, in the event of such a change in the point 
of attack, become a great source of weakness, as the flat 
side of the wedge would then be opposed to the force, 
thereby presenting to the direct assault of the waves the 
largest surface, with, at the same time, the most disad- 
vantageous disposition of the resisting matter. There' 
eeems little reason, therefore, for an^ doubt as to the circa- 
lar section being practically the most suitable for a tower 
exposed in every direction to the force of the waves. 

Next to this, and hardly to be separated from it, inas- 
much as it involves the question regarding the form of 
the tower, is the pogilioiiofthe centre of gravity. Of any 
solid viewed as monolithic, it may be said that its ulHmate 
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stability^, by irbicli I would underetand its reeietance to' 
the final effort which overtume it, will greatly depend 
upon its centre of gravity being placed as low ae possi- 
ble ; and the general sectional form which this notion of 
stability indicates is that of a triangle. This figure re- 
Tolring on its vertical axis, must, of course, generate a 
cone as the solid, which has its centre of gravity most 
adrantageonsly placed, while its roonded contour would 
oppose the least resistance which is attainable in every 
direction. "Whether, thereftre, wo make atre«g& or 
weight the Bouree of stability, the conic frustum seems, 
abstractly speaking, the most adviuitegeouB form for a 
high tower. But there are various considerations which 
concur to modify this general conclusion, and, in prac- 
tice, to render the conical form lesa eligilile than might 
at first be imagined. Of these considerations, the most 
prominent theoretically, although, I must confess, not 
the most influential in guiding our practice, is, that the 
base of the cone must in many cases meet the fonnda^ 
tion on which the tower is to stand, in sizch a manner, 
a3 to form an angular ^ifico, in wliich the waves may 
break with violence. The second objection is more con- 
siderable in practice, and is founded on tlie disadvan- 
tageous arrangement of the materials, which would take 
place in a conic frustum carried to the great height 
which, in order to render them useful as soa-marks, 
lighthouse -tow era must generally attain. Towards its top 
the tower cannot be assaulted with so groat a force aa at 
the base, or, rather, its top is entirely above the shock 
of heavy waves ; and, as the diameter of the conoidal 
solid shoald be proportioned to the intenu^ of the shock 
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which it muat resist, it follows that, if the base be con- 
sfamcted ae & frustum of a g^ven .cone, the top part oaght 
to be formed of sncoesBiTe fensta of other cones, gradu- 
ally less slanting than that of the base. But it is ob- 
vious, that the union of frusta of different cones, inde- 
pendently of the objection which might be urged against 
the mddm change of direction at their junction, as af- 
fording the wares a point for advantageous assault, would 
form a figure of inharmonious and unpleasing contour, 
oircumstances which necessarily lead to the adoption of 
a eurve osculating the outline of the successive frusta 
composing the tower ; and hence, we can hardly doubt, 
has really arisen, in the mind of Smcaton, the beautiful 
form whicli big genius invented for the lighthouse-tower 
of the Eddystone, and which subsequent engineers have 
contentod themselves to copy, as the general outline 
which meets all the conditions of the problem which they 
have to solve. And here I cannot help observing, as 
an interesting, and by no means unusual, psychological 
fact, that men sometimes appear to be conducted to a 
right conclusion by an erroneous train of reasoning ; 
and such, from his " Narrative," we are led to believe, 
must have been the case with Smeaton in his own con- 
ception of the form most suitable for his great work. 
In the " Narrative" (§ 81), he seems to imply, that 
the trunk of an oak was the counterpart or antitype of 
that form which his (§ 246) " feelings rather than cah 
culations" led him to prefer. Now, there is no ana- 
logy between the ease of the tree and that of the light- 
house, the tree being assaulted at the top, and the light- 
house at the base ; and although Smeaton goes on, in 
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th« ooaree of the paragrapli above alluded to, to snppoBe 
the branches to be cut off, and water to wash round the 
base of the oak, it is to be feued the luialogy is not 
thereb; strengthened; as the matertaU composing the 
tree and the tower are so different, &at it is iinpo8a.ble 
to imogi-nfl th&t the Same opposing forces can be reEosted 
by similar jvoperties in both. It is obrious, indeed, 
that Beaton has nnoonsciouslT contrived to obscure 
hiB own dear oonc^itions m bis atteiupt to connect 
thcon with a fancied natural analogy between a tree 
which IS sbalcen by the wind acting on its bashy top, 
and which resists its enemy by the strength of its 
iibrous texture and wide-spreading ligamentous roots, 
and a tower of masonry, whose weiqht and friction 
aione cnaDic ii w iriKeii xiie ussauit iii me ii:aves which 
wash rijuiid its haae ; and it is very siiigiilar, that, 
throughout his reasonings on this subject, he does not 
appear to have regarded those properties of the tree 
which he has most fitly characterized as " its elasti- 
city," and the " coherence of its parts." One is tempted 
to conclude that Smeaton had, in the first place, rea- 
soned quite soundly, and arrived, by a perfectly legiti- 
mate process, at his true conclusion ; and that it was only 
in the vain attempt tojustify these ci'ijclu.iiou!. to nthers, 
and convey to them conceptions wMlL a iai'gc class of 
minds can never receive, that he has misrepresented his 
own mode of reasoning. In the paragraph preceding that 
which refers to the tree {% 80), he has, in point of fact, 
dearly developed t^ie true views of the subject ; and, with 
the single exception of the aUoBion to the oak, he has 
disonssed the question throughout in a masterly style. 
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In a vord, tiien, ibe ema of our knowledge appears to 
be contained in this proposition — That, as the ultimafe 

stability of a sea-totver, viewed as a monoUGdc max», 
depends, cteteris paribus, on the lownesg of its centre of 
gravity, tlie general notion of its form is that of a cone ; 
butthat, as ih<- forr.::^ -rVich ll.-- sn'^.-al horizontal f,ec,- 
tiona are oppn.srd ili-rreut:'' loii'nnJy, Us top in a rapid 
ratio, the solid should he (jcneraUd, Ijij the revolution of 
some curve line convex to the oms of the tower, and gra- 
dually approaching to parallelism with it. Aai this is, 
in fa«t, a general description of the Eddystone Tower de- 
vised by Smeaton. 

It is deserving of notice, as one of the many proofs 
which the records of antiquity afford of the similarity of 
the results of human thought in all ages, and of the 
truth of the Wise Man's saying, that " there is nothing 
new under the sun," that the ancient Egyptians appear 
to hare had the same conceptions of the solid of stability 
that were present to the mind of the modem engineer of 
the Eddystone Lighthouse. In Sir J. Gardner Wilkin- 
son's admirable work on the Manners and CuBtoma of the 
Ancient Egyptians, he gives, in the first volume 
o£ his second aeries, at page 253, a voodcnt shew- lig. i. 
ingthe^gore of the deit; Pthah, under the sym- 
bol of stahili^, according to Egyptiiw concep- 
tions. This symbol so closely and striUngly re- 
sembles the general appearance of the £ddystone, 
that I willingly give it aplace in the text (Fig. 1), 
denuded, howevw, of the arms and head-dress of 
the deity whom it duonda. 

In illnetrating the applioadon of these general no- 
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tionB to practice, I shall perhaps he excneed for adopl^- 
ing the most natural conrae ot referring ohiefly to my 
dedgn for the lighthouse-tower on tho Skerryrore Book, 
in forming which I was guided by numerous cironm- 
stances, which modified my views, and produced the in- 
dividual form of tower which I have adopted. Sinoe 
the days of Smeaton, when his magnificent tower was 
lighted by common candles, the application of optical 
apparatus to lighthouses has greatly altered the state of 
the ease ; and the improvement of the system in modem 
times has, in most instances, rendered a greater altitude 
of tower desirable, in order to extend as much as possible 
the benefit of a system capable of illuminating the visi- 
ble horizon of any tower which human art can reason- 
ably hope to construct. In the particular case of the 
Skcrryvore also, tlii' iii'fat distance of the outlying rocks 
(some of which are S miles right seaward of the light- 
house), concurs with the improvement of the lights, in 
making it desirable that the tower should be of consi- 
derable height, and that the light should command an 
extensive range. Itwas, therefore, from the hrst (consi- 
deration of the subject, determined that tlio Imlit should 
be elevated about 150 feet above high water of spring 
tides, so as to iilnminate a visible honaon of not less 
than 18 miles of radius ; and, after much deliberation, 
and a full consideration of the infrequency of commu- 
nication with the proposed lighthouse, from the great 
difficulty of landing on the rock, and tho consequent 
uncertainty of keeping up the supplies, I found that, for 
the convenient accommodation of the lightke^ters and 
the suitable stowage of the stores, a void space of about 
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13,000 cubic feet would be required. These elemente 
being fixed, the general proportions of the tower came 
next to be considered. 

In the Eddystone, the rsnlhis of tin' hn<<: fit the level 
of high ivater of spring tides, is f muMvhat lofs ihan one- 
fiflh. of the height of the tower above thai level ; while 
in the Bell Rook, at the same lovd, U is littlo more than 
one-seventh of the height. If, afraiii, \vo suppose the 
curve of the I'xldystone to he continueil doimwards to 
the level of low water, the radius ,jn so fav as wo may 
judge from sketching the continuation of a curve un- 
defined by any geometrical property) would be rather 
more than one-fourth of the whole height above that 
level ; while in the Bell Rock the proportion, in re- 
ference to the same level, is a little more than onc-pfih. 
Viewing the whole height of the SkciTyvorc Tower above 
high water of spring tides as equal to 142 feet, and 
finding that, in the cases of the Eddystone and the Bell 
Bock, the radius of the horizontal section at that level ia 
respectively one-//ilA and one-teventh of the whole height ; 
and again, vieiring the extreme height of the Skerry- 
vore Tower above low viator of spring tides as eqnal to 
aboat 166 feet, and considering the proportionate radii 
of the Bell Book and Eddystone (in so far as the latter 
is ascertainable) as respectively one-fifth and one-fowth 
of the heights of the top of the masonry above the level 
of low water, I finally decided npon giving the tower at 
the Skerryvore snch dimenMons aa would not be widely 
discordant with these general proportions. In this view, 
I determined that the radios of the base should not ex- 
ceed 22 feet, on the level of about 4 feet above (Jie high 
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water ma.rk, where I expected to obtain a aolid fonnda- 
tion— a base whicli bears to the whole height of the 
tower a proportion somewhat less than that of the Bell 
Book, which IS one-fifth. It so happens, that the dia- 
meter adopted is nearly the greatest which the rock 
affords : for I found, after many careful examinationB 
of the 3;ulhe3 and fiasures which intersect it. that some 
of the concealed cavities ran much farther into the 
roelt than I at lirst had imasmcd. The adoption of a 
muchhraerl W even J 1 1 tl n tl rwieahi He 
would therefore have involved some risk of the external 
nn^cf t ue ftheb^settir ^ i \ 1 y the 
yielding of an unsound part of the outer portion of the 
rock, to the pressure of the supermcumhcnt mass, and 
might eventually have led to the destruction of the 
tower. 

The height of the pillar having been finally fixed at 
138'5 feet, and the radms of the baae. at the level of 
about 4 feet above high water, at 21 feet. I next pro- 
ceeded to consider the details of its proportions. Of 
the whole height of 138*5 feet, 18 were to he absorbed 
in a suitable capital for the pillar, consisting of a para- 
pet for the lantern, an abacus, a cavetto, and a belt se- 
parating these from the shaft. The internal void I de- 
termined should be 12 feet in diameter, as the aise most 
snitable for the reception of t^e lantern and iqtparatns ; 
and this, combined with the choice of about 13,000 cu- 
bic feet of void already mentioned, fixed the height of 
the solid fmstum at the base of the tower at about 36 
feet above the foundtUion. Having farther decided tiiat 
the thinnest part of the walls, immediately under the 
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belt-course which Kcparatea the capital from the shaft, 
should not be less than 2 feet thick, as necessary to 
give due solidity and strength to the walls, and prevent, 
by the breadth of the joints, the percolation through the 
■walls of the water which might be furiously dashed 
against them in Ftorms, T had iiotliius farther to do but 
to determine thr nuiiiire ii[ iim iini' uiiich should con- 
nect the extremities of the top and bottom radii of the 
pillar. Ab I had already concluded that this line must, 
as in the Eddystone and Bell Eoclc. be a curve line, 
concave to the sea, I next proceeded to try the effects 
of various curves traced between these points, in giv- 
ing a convenient and advantageous disposition of the 
materials, both for the due thickness of the walls and 
the mass of the solid frustum at the base of the tower. 
These two points, as will be better under- 
stood by means of tiie accompanying dia- 
gram (Fig. 2), are separated from each 
otlier vertically 120-25 feet, and are hori- 
sontally distant from eatih other 13 feet, 
vliicli is the excess of the bottom radius 
over that of the top of the shaft, or the oon- 
geqoent amonnt of what may be called the 
aggregate elope of the wall. The solid ge- 
nerated by the revolution of some cnrve 
line abont the vertical axis of the bmlding 
thos becomes the shaft of the pillar. For tliis purpose 
I tried four different curves, the parabola, logarithmic, 
hyperbola, mi. conchoid, in all of which the level of the 
centre of gravity of the mass, which was carefully com- 
puted, varied but little from 30 feet above the base. 
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The logarithmic corre I at once rejected, from its too 
near approa^sh to a conic frustnm, and the exceesiTe 
thickneaa of the walla which auch a figure would pro- 
duce, where the hollow cylindric space for the internal ao- 
coinino()atioii commences at tlie level of 2C feet aljove the 
bapo, 'Clio p;!.-:!l-r,Ii,. fonn disploascd my ejo liy the too 
rapi'l i:haij'„'i: nl' i'..-. .^lope n&ir the bfise ; and 1 had more- 
over some difficulty in reconciling myself to the condi- 
tion of the esterior ring of stones at the hase, too much 
of the outer portion of eacli stone being left without the 
advantage of direct pressure from the superincumbent 
mas- of the wall above. The two remaining pillars, 
derived from the liypcrbolic and conchoidal frusta, are 
nearly identical in form ; and of those two curves I pre- 
ferred the former, wliich gives the most advantageous ar- 
rangement of materials, in regard to stability, of all the 
four forms. This quality of advantageous proportion 
exists in those four cnrres in the ratio of the numbers in 
the last column of the foUowing table ;* which shews a 

* The last column of this t«tile ie derived as fbllowa : — Aesum- 
ing that the economic advanti^ at any praposed tower of given 
height and diameter at base and top, is mueriel!/ as the mass and 
the height of the centre of gravity above the haae, and denoting 

these qunntitiee hj M and G respoctiveiy, tlio fraction q, may be 

taien ae an indication of the economii; advantage of tlic proposed 

tower. Let q^j^ esprees the economic advantage of another 

tower ; then the advantage of the second tower, oorapared lo that 
G-M 

of the first, taten as unity, will be (y^^' ^7 whioh expression 
the last column in the table was calculated. 
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The shafL of tho t 
solid, generated liy tlio r. 
perbola about its assjmptote as a vertical axia. Its 
exact height is 120-25 feet, and its diameter at the base 
42 feet, and at the top Iti feet. The ordinates of the 
curve at every foot of the height of the column, were 
carefully determined in feet to three places of decimals ; 
and from them the working drawings for the moulds of 
the Btones were made at full size. The first 26 feet of 
height is a solid frustum, containing about 27,110 cubic 
feet, and weighing about 1990 tons.* Immediately 
above this level the walls are 9-58 feet thick, whence 
they gradually decreaBO throughout the whole height of 
the shaft, until, at the belt, they are reduced to 2 feet in 
thickness. Above the shaft rests a cylindric belt 18 



* At tbe tate of 13-62 cabio feet of granite to a ton. 
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iuohes deep ; and this is Bomoimted a caTetto 6 feet 
higt, and having 3 feet of projection. The contour of 
this caretto is that resulting from a quadrant of an 
ellipse TOTolvIng about the centre of the tower, with a 
radius of 8 feet on the level of its transverse axis ; Knd 
the moulds for this cnrve were drawn at fvdl size from 
co-ordinates calculated for the purpose. The cavetto 
Biqtports an abaciu 3 feet deep, the upper surface of 
which forms the balcony of the tower, and above it rest 
the pttrapet-nall and lantern. 

It may, perhaps, be not uninteresting to the reader 
to examine Plate I., which shews, on ono scale, the 
elevations of the lighthouses of the Eddystone, the Boll 
Rock, and the Skerryvore, and exhibits the level of tlieir 
foundations in relation to high ivater. It will also serve 
to give some idea of the proportionate masses of the 
three buildings. The position of tlie centre of gravity, 
as calculated from measurements of the solids, is also 
marked by a round black dot and letter G on each tower ; 
and in the table following, I have given the cubic con- 
tents of each of those towers, the height of the centre of 
gravity above the base, and the ratio of that qnantitj 
to the height of the tower. 



B«U Hock, 
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Imtiy, I win briefly notice the few subordinate points 
in which the design of the Skerryrore Tower may be re- 
garded as differing from those of the Eddystone and the 
Bell Eock. In glancing at the contrasted figures of the 
three buildings, it will he at once observed that the out- 
line of the Skerryvore approaches more nearly to that 
of a conic frustum than the other two. To the adop- 
tion of this form, various considerations induced me ; 
and those I shall very briefly detail. In the first place, 
it BOemod to me tliat, loth in the Bdl Kook and the 
Eddystone, the thicknos.s of the wallrf had been reduced 
to the lowest limits of safety towards the top ; and expe- 
rience lias shewn that heavy siias ;md winds acting upon 
a weighty cornice, cause a degree of tremor which I felt 
satisfied would not occur in a building with thicker wails. 
The effect of thickening the walls at the top, is, of course, 
eaiteru paribus, to diminish the projection of the base, and 
thus to produce less concavity of figure, and consequently 
a nearer approximation to the contour of a conic frustum. 
I have already stated, that this excess of the bottom 
radius over that of the top, is in the Skerryvore Tower 
13 feet, and that the height of the shaft is 120-25 feet. 
The quotient resulting from the division of the height 
by the excess of the bottom radius over that at the top 
is 9-27 ; and, if the figure had been conical, this number 
would have given a measure of the slope of the walls 
iJiroughimt. There can be little doubt that the more 
nearly we approach to the perpendicolw, the more 
fully do the stones at the base receive the efiect of 
the pressure of the snperincnmbent mass as a means 
of retaining them in their places, and the more per- 
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feotly does this pressure act as a bond of nnion among 
the parts of the tower. Thia consideration materially 

weighed with me in making a, more near approach 
to the conic frustum, whioh. next to the perpendicular 
wall. must, other circumstances hemss equal, pos- 
e the jiDj. ity of j-res th i i 11 v.ith a 
gt It I wriTht anl m I n re ! t inner 
tl I curved ( tl n i whi h th i tl c h e 

ir lece rl I itl rici 1 f r tl 1 n f the ver 
t Ifi iTL ftl it L t i * ihi tl iljre 

sure operates in preventing any stone being withdrawn 
from the wall in a manner which, to mv mmd- is much 
more satisfactory than the etlcot of an cxcessiTe refine- 
ment in dovetathnq and joqqlmg. appliances which I 
confsider as chiefly useful in the early stages of the 
progress of a work, before the anperstrnctvire is raised 
to such a height as to prevent heavy seas from breaking 
right over it. 

If these views be substantially correct, it may not, 
perhaps, be altogether inadmissible (without, however, 
venturing to enunciate any general law) to conclude, 

* It is most aatiafactor/ to find that tlie viewa expresBed above, 
regarding the eli^bilit; of the conical form, seeni to have the 
Bancdon of the late Dr Thomas Young, who appears to have con- 
nected his preference of thle form with its greater efiicieccj aa a 
source of friction among the parts of a building. In his sj'Habus 
tf Lectures, under the section " Architecture," he thus speaks : 
" For a lighthouse wliero a great force of wind and water was to 
be resisted, Mr Smeaton chose a curve convex to the axiB. In 
such a case, the strength depends more on weight tJiaa on eohe- 
sion, and also In a oonuderaible degree on the iHotiou which is the 
efioot of that weight. Perhaps a cone would be an eUgible fbim." 
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th&t, in the three lighthouses of the Eddystone, the Bell 
Bock, and the Skerrjvore, this source of union among 
tiie outer stones of the lower courses moat bear some 
proportion to the numbers 659, and 927, which are 
the quotients of the height of the column, divided by 
tbe difference of the top and bottom radii of the shaft, 
in each case respectivelj. This consideration seems too 
important to be entirely overlooked; and I conceive 
that, by following out tbis view, I have been enabled to 
depart with perfect safety from the intricate and elabo- 
rate work required for the connection of the materials 
by means of dovetailing and joggling, wbich the adop- 
tion of a more concave outline (in which tbe vertical 
pressure could not have been so advantageously trans- 
mitted to the outer stoucri of tLu base), would perhaps 
have rendered advisable. In ihc c;ise of the Bell Rock, 
however, whose construction, in rugard to this property, 
is the least advantageous of the three buildings, it must 
be borne in mind that the tower ia covered to the depth 
of 15 feet at spring tides, and that this principle of ver- 
tical pressure could not have been safely appealed to 
during the whole of the time which intervened between 
the commencement of tbe building and the attainment 
af a height sufficient to render it available, a period 
wbich, in a tower having so great a part submerged, 
was of necessity much more prolonged than in the other 
cases. The stones were thus exposed to the full effect 
of heavy seas, at all levels, during two entire winters, 
and could not therefore have been safely left, with- 
out being kept tc^ether by numerous ties and dovettuls. 
It also seemed impcHrtant, in designing that tower, vith 
c 
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reference to the rise of tlJe, to give its lower part a slop- 
ing form, as the least likely to obstruct the free passage 
of the w&veB. The outer stones of the lower ootirseB 
mero also selected of nnnBnal Uiag&- intoardt, so as to 
bring them more under the influence of the verdoal pres- 
sure of the upper wall. 

Before leaving this subject, I naj remark, that it is 
quito possible to construct a tower of a curved form, in 
such a manner, that the pressure of the upper part of 
the pillar shall be distributed to the greatest advantage 
on every stone, by building the outer walls as inverted 
arches, so that the section of each stone shall be that of 
a voussoir, with joints perpendicular to the successive 
tangents of the curve. This arrangement of the stones 
is, in fact, practised in sea-walls of various kinds, and 
has even been recommended for circular towers in an in- 
genious paper in the Transactions of the Royal Scottish 
Society of Arts. But in many situations, and at Skerry- 
vore in particular, this mode of transmitting the pres- 
sure, so as to throw it perpendicular to the beds of the 
utones, is inadmissible, as conducing to or involving a 
greater evil. The evil has already been noticed, and 
consists in the thrust of the lowest stone (which is of 
course inclined to the horizon) having a tendency to 
push out the sides of the rock on which the tower is 
built. This fear, where the towers are to be placed on 
small steep rocks or pinnacles, and more especially whra 
these Tocka are traversed by veins nearly vertical, is by 
no means neiouary ; and there is good reason to apia«- 
hend, that the preeeure thus resnltiug in a line consi- 
derably inclined to the pluie of eleaw^e, might tiirow 
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outwards a tliin portion of rock, which, under the more 
conservative influence of a vertical pressure, might con- 
tinue to retain its connection with the rest of the rock 
unimpaired for ages. 

Another method of, in some degree, increasing the re- 
eistance of a sea-tower to a horizontal thrust, if such aid 
be required, is to give the line of courses a continuouB 
spiral form, instead of building them in successive hori- 
zontal lajers. Were there reason to fear that the entire 
dislocation of the building might take place in a plane 
nearly horiaontal, this method seems more calculated to 
counteract the danger than the use of dowels or joggles 
passing from the course below to the course above ; but, 
as this is one of the accidents least to be apprehended, 
there does not aoem any good ground for resorting to a 
mode of structure which would lead to great intricacy 
of workmanship, and would, in practice, be attended 
with difficulty in obtaining a proper vertical bond or 
union among the several stones. 

The only remaining point, in which the example fur- 
nished by the Eddystone and Bell Rock Lighthouses hM 
been at all materially departed from in the SkerryToroi 
is (as has already been hibted at by an unavoidable an- 
ticipation) the mode of uniting &e diflbnnt parts of the 
masonry together. In both those towers the stones were 
dovetailed throughout the buildings, chiefly (at least in 
the case of the Bell Keck, where the fonndatioii was so 
much below &e tide) with the view of preventing the sei 
ftotn. washing away the courses which might be left ex- 
posed to the winter atoms before the weight of the snper- 
sbnoture had Been brought to be» npon tiiem. In the 
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upper part of the Bell Rock Mr Stevenson also introduced 
a kind of band joggle, whicli consists of a flat ribband 
of stone raised upon the upper bed of one course, and fit- 
ting into a corresponding groove cut in the under bed of 
the course above ; and this system of tying the adjoin- 
ing courses together also forms a chief feature in his 
design for a lighthouse on the Wolf Rock.* When the 
great pressure of the superstructure of such towers, 
however, and the ciicct of the mortar, are considered, 
there seems littlK prohaliility of one course being dislo- 
cated, in defiance of the friction resulting from the 
weight of the column. An impulse sufficient to produce 
such an effect would tend to overset the whole super- 
structure from mere deficiency in weight, and in this 
case the joggle would have little effect. But if joggles 
be thought aecessary for this purpose, the ribband-form 
certainly produces a better arrangement than that of the 
c\ibie joggles employed by Smeatoa for conueeting the 
adjoining courses of his building together, as the sec- 
tional strength of those scattered stinare joggles is very 
small compared to the effect of a shock which could be sup- 
posed capable of moving the whole mass of a tower. In 
the lower parts of the Skerryvore Tower, I entirely dis- 
pensed with dovetailing &riAjoggle» between the courses, 
and thus avoided much expensive dressing of materials. 
The stones were retEuned in their places daring the 
early progress of the work, chiefly by common diamond 
joggles, and the courses were temporarily united to each 
other by wooden treenails, like those used in the Eddy- 

* AoHtont of the BeQ Bock Lighthoiue, PUte XXI. 
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stone and Bell Bock. The treenails bad split enda, with 
sm^ wedgea of hardwood loosely inserted, which, being 
forced against the bottom of the holes in the course 
below, into which the treenails were driven, expanded 
their lower ends until they pressed against the sides of 
the holes ; while their tope were made tifrht by .similar 
wedges driven into them with a miillet from ahove. I 
have, however, adopted the ribband-joggle in tlic higher 
part of the tower, where tho walls Iwgin to get thin, in tlic 
very same manner as at the Bel! Rocl;, where it was uoed. 
partly, that it might counteract any tinidenoy to a .yrfiad- 
inff outwards of the stones, and partly that it might 
operate aa a kind of /al3e joint to eiclude the water 
which, when pressed with great violence against the 
tower, is apt to he forced through a straiglit or plain 
joint. The stones in tiic higher courses throughout each 
ring are also, as in the Bell Eock, connected at ttie enda 
by double dovetailed joggles, which unite the two adjoin- 
ing stones ; and the walla are, beaidts, tied together, as 
in that structure, at various points by means of the 
floor atones, which are all connected by dovetails let into 
large circular stones forming the centres of the floors. 
I also ventured to leave out the metallic ties at the 
cornice, whicli conusted, at the Eddystone, of chains, 
and, at the Bell Bock, of a very strong hoop of cop- 
per. The reasons which induced me to adopt this 
change I need not here enlarge upon. It is sufficient 
to state, that I believe I have nearly balanced the forces 
which would have tended to throw the cornice outwards, 
had a greater disproportion existed in the weight of the 
onter and inner parts of the cavetto, and to mention 
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that the lightroom or higkest floor occurs, at saeh. a 
level, as of itself to aiuwer all tbe ends wMch metallic 
ties could have served. 

In the erection of lighthouses on land, the chief points 
which demand the attention of the engineer are the 
provision of a oommodiona spac^ for the lantern, and also 
the height of the towerrequired for a given range ; which, 
from the level of the land where light-towera are placed, 
is not geneially great. The oonvenieut arrangement 
of the lantern, and the dwelling-hoases for the light- 
keepers, so as best to serve the purposes of the due 
maintenance of the light, both in cleaning the appara- 
tus and watching the lamps, are Bubjecta of much prac- 
tical importance ; but tbey will be more conveniently 
noticed in another part of this volume, espefualljr in con- 
nection with the views in Flates XL and XIL of th« 
Ardnaiourchan Lighthouse. 

There are various otlicr lighthouses, which, in them- 
seives, are sufficiently deserving of a separate notice, 
were it not that they have more or less something in 
common ivith those already described, which are un- 
questionably the most remarkable edifices of the kind. 

The first design for an Iron Lighthou^^e is that of 
Captain Brodie, R.N., for tlit IJcll Uock, and the 
next, by Mr Robert Stfivciison, for the same situation, 
in the year 1800. • Mr Ktevenson's design consisted of 
eight cast-iron pillars arranged in the form of a pyramid, 
and tied together by means of horizontal and diago- 
nal braces, and also attached to a central socket, by 

* Aeconirt.Pkte'VIL, ^2, 3,1, ■iid5,andpp.«07andM>0. 
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means of diagonal radiating ties. The lower portion <£ 
fte habitable part was designed in tlie form of an in- 
verted cone. In order to lessen the ahock of the sea from 
beneath. On this general plan Mr Steveneon, in 1621, 
erected the Carr Rock Beacon ; and a similar eonstmc- 
tion has been extensively used for bee^ons all round the 
eoatt of Scotland. Of one of them a view is given in 
Plate XIII. Messrs Walker and Enrgesa have also de- 
sigDfd and partly erected a lighthouse for the Bishop's 
Rock, in the Scilly Isles, 120 feet high, on this general 
p!an ; and Mr Lewie of Philadelphia is engaged with 
tie execution of a similar and equally bold design for a 
(ighthouse on the Carysfort Reef, East Florida. Such 
structures for situations of great exposure, would un- 
doubtedly he less costly than those of masonry; but their 
stability confessedly depends upon their stren^ (A rather 
than their weight, and, in many situations, it might 
ultimately be resolved into the security of the fixtures 
which attaches them to the rock. There is, undoubtedly, 
reason to fear, that, in structures of great height, urged 
by the continued force of the waves and winds, a gradual 
deterioration of the fixtures may result from long-con- 
tinued tremor, or that the pillars might suddenly sus- 
tun very serious injury from the impact of heavy bodies 
thrown agiunst them by the waves ; and while, in pro- 
jKotion to the difficulty of the situation, the expense of 
the stone struoture would increase, bo the undesirable- 
nesB of being forced to renew any structure would in- 
crease ^80; uid thus, while in muiy such plaoes tiu 
iron lig^thoiue may be tlie most convuiient and least 
ezpcAiuve in proBpeot, tbe stone tower is M more satii- 
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factory and more durable when completed. 1 ahonld 
therefore, in general, say that nothing short of absolate 
iieceaaity can justify a preference of iron over atone f&r 
the purpoeea of a lighthouse exposed, like the Eddystoie, 
the Bell Rock, and the Skerryvore, to the full fury of jhe 
waves. This genera! opinion is not, of course, inteitied 
to reflect upon the piaris either of Mr Lewis or of Messrs 
Walker and Burgess, with the circumstances of which 
I am quite unacquainted. The gradual change of cast- 
iron by the action of the marine acid forms another ele- 
ment in the question as to the fitness of such structurss 
for rocks washed by the sea, 

Mr Alexander Gordon of London has fitted up several 
lighthouses composed of cast-iron plates, on the plan pro- 
posed by the late Captain Sir Samuel Brown. R.N.. ;> 
style of building in itself hy no means eligible, and 
which seems suitable only where stone cannot be easily 
obtained, or conveniently applied, bueh a structure, as 
well from the di&culty of obtaining: permanent fixtures 
above alluded to. as from its offering more resistance 
to the waves than can be fully counterbalanced by the 
inertia produced by falling the lower part of the yoid 
with concrete, is. I conceive, but ill adapted for rocka 
exposed to the direct impact of heavy waves. But a 
atill more formidable objection may be found m its 
liability to sustain serious injury from floating spars, 
or rolling boulders of great dimensions : and this con- 
struction, when proposed by Sir Samuel Brown, for the 
Skenyvore. was. after due debberatioii with Messrs 
"Wilham Cubitt and George £«nnie, finally rejected by 
^e lighthouse Board in terms of my report. 
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Mr Gordon, in n letter liitcly addressed to Mr Hume, 
M.P., adv-oi^atcs the suifablciieps of an iron lightliouse 
for the Skerryvere Rook, -which ho lias never scon, and 
which he uiireasonalily compari's uitli a Roek in Himon's 
Bay. near tlie rajie of Cmv] JIopc, which also he has 
never \isitod, hut <m x\liich l,c undertakes to Inilld a 
lightliouse for n,„--ir„ih of dK- cast of tliat on the Sker- 
ryvore. Now although the Skerryvoro Liglithouse cost 
nearly £87,000, it must be home in mind that fully 
£23,000 of that sum was made up of items which would 
be common to any lighthouse in that position, such as 
the establishment at Hyniah, in the island of Tyree, 
consisting of a harbour for the attending vessel, and the 
houses for the lightkeepers and seamen, and a signal 
tower ashore. Let, therefore, this aum of common ouflay 
be added to Mr Gordon's random estimate of £20,000, 
and the result is £43,000, giving an antidpaUd nume- 
rical saving of £44,000, or about one-Iialf instead of 
nine-tent!is. After a residence on the Skerryvore 
Efflck of five seaaons, and eleven years' experience 
of its exposure, I may be allowed to speak with some 
confidence on this subject ; sad I ^all therefore briefly 
enumerate a few of the leading facts which boar upon 
the fitness of an iron structure for that situation. 1. A 
temporary barrack, mmilar in construction to that which 
stood BO long on the Bell Bock and afterwards for se- 
veral seasons at tihe Skerryvore itself, was carried away 
in one night. 3. Stones, some of which wdghed as much 
as five tone, were swept by the waves over the top of the 
rock ; and much floating wreck-timber has been seen to 
pass close to it. 3. The force of the waves, as indicated 
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by the marine dynamometer haa amounted to 6000 lb. 

per square foot, or twice tliat at the Bell Book. 4. Two 
iron beacons were BucoesBivel j destroyed on the Bo-PLeg 
Root in Hynish Bay, 12 miles landward of the Skerry- 
vore Rock, one of which was of the pillar form above 
noticed, and the other was a cone of iron plates, like 
that proposed by Mr Gordon, having the lower part of 
the Toid filled. Before the plate-beacon was carried 
away, a hole of 2 feet in diameter was broken through 
one of the plates," most probably by a heavy spar urged 
end on bv the waves. Bearirifr, therefore, all these facts 
in mind, 1 have no hesitation m saying that no pecuniary 
con fii deration could, in my opinion, have justified the 
adoption of an iron lighthouse for the Skerryvore. In 
such a situation, where the establishment has been un- 
visited for weeks at a time and where I have myself 
been detained prisoner by the weather in the temporary 
barrack for a fortnight, even in the month of Jnne, 
neither the required stability nor the extent of stowage 
for provisions and stores which are consistent with a due 
regard to the safety of human life and the certain and re- 
gular exhibition of the light, could have been obtained in 
an iron lighthouse. There are, however, situations which, 
although difficult of access, are yet removed from the 
most powerful action of the sea, for which the lightness 
of the walla and the rapidity of construction may Tender 
this plan preferable to a building of stone. For beacons 
on rooks in such positions, I hare often employed this 

* Tha pl«te broken wm lafber npwsnit of one indi thick, and 
waa BtrengHiened by means of *oAbtd flange* 6 jnohe* deep. 
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mode of construction, filling the lover part of the in- 
closed void with Concrete. 

The useful invention of Mr Mitchell of Belfast, for 
applying the principle of the screw to the erection of 
lighthouses on soft foundations, deserves a longer no- 
tice than can he given here. It must therefore be suffi- 
cient to say, that the principal lighthouses on this plan 
(those of the Maplin, Fleetwood, and Belfast Lough) 
consist of piles or of hollow pillars of cast-iron, grouped 
together in the form of a truncated pyramid, and resem- 
bling, in the general arrangement of their parts, the 
Beacon shewn in Plate Xin. The lower end of each 
pillar is furnished vnth a flat screw or worm and a ebarp 
point, which is screwed into the sand, clay, or grarel, or 
other soft subsoil . Dr Potts has also invented a method 
of driving piles by means of atmospheric pressnre, which 
has been used at the Sonth Galloper Beacon. 
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ON THE ILLUMINATION OF LIGHTHOUSES. AND 
THE SOURCES OF THE LIGHT. 

Having ttus attempted to describe tlie most interest- 
ing and celebrated lighthouses, I proceed to consider 
the yarious methods now in use for the illumination of 
lighthouses. Hiere can be little donbt, that doira to a 
very late period, the only mode of illumination adopted 
in Uio lighthouses, ereii of the most ci?ilised nations of 
Europe, was the combustion of wood or coal in ehaaffera, 
on the tops of high towers or hills. Itnow seems strange, 
when late improyements in lighthouse illumination are 
considered, to hear that so lately as the year 1816, 
when the Isle of May light, in Qie Rith of Forth, wm 
assumed by the CommisKioners of the Northern lights, 
it was of that rude description, and had shewn a coal 
fire for 181 years eance 1635; and even in Engluid, 
the art of illumination had made so little proves, 
that the magnificent Tower of ^e Eddyatoue, for about 
forty years after it came from the bands of Smeaton, 
could boast of no better light than that derived from a 
few miserable tallow candles ; nay, so lately as the year 
1801, the light at Harwick, in addition to the coal-fire, 
had a Jlat plate of rough brass on the landward side, to 
serve as a reflector 1 Such methods were most imper- 
fect, not only in point of efficiency and power, but also 
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as respects the distinction of one light from another, an 
object which, on a difficult and rugged coast, may be 
ooneidered as of almost equal impoi'tance with the dis- 
tance at which the lights can be seen. 

Solid substances wiich remain so throughout their 
combustion, are only lumiaous at their own surface, and 
exhibit phenomena, such, as the dull red beat of iron, or 
of most kinds of pit-coal, and are therefore more suited 
for the purpose of producing heat than light. But by 
nsing aubatancca which are formed into inflammable va- 
pours, at a temperature below that which is required for 
the ignition of the suk-itsinofts themselves, gas is ob- 
tained and jJaiae is produced. Much light is thus 
evolved at a comparatively low temperature. The gas 
necessarily rises above the combustible substance from 
which it is evolved, owing to its being disengaged &t a 
temperature considerably higher than that of the sur- 
rounding air, than which it is necessarily rarer. Of this 
description are the flames obtained by the burning of the 
various oils which are generally employed in the Dlnmi- 
nation of lighthouses. In the combustion of oil, wicks 
of some fibrous substance, such as cotton, are used, into 
which the oil ascends by capillary action, and being sup- 
plied as required in very thin films, is easily volatilized 
into vapour or gas by the heat of the burning wick. The 
gas of pit^oal has been occasionally used in lighthouseB, 
being conveyed in tubes to tlie burners in the same man- 
ner as when employed f6r domestio purpoeee. There are 
certain advaqtages, more especially in dioptriq lights, 
where there is only one large central flame, which would 
render the use of gas desirable. The form of the flame. 
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vhich 18 tui objeot of condderable importuice, would thna 
be rendered lesa Tuiable, and could be more easily regu- 
lated, and the inoonrenience of the olookwOTk of the lamp 
whioli is necesearjto maintain the diu eoonomyof solai^ 
a ftune, irould be wholly avoided. Bnt it is obviosB, 
that gas is by no means suitable for the majority of 
lighthonees, their distant situation and generally difficult 
access rendering the transport of large quantities of coal 
expensive and uncertain ; whilst in many of them there 
is no means of erecting the apparatus necessary for 
manufacturing gas. There are other considerations 
which must induce us to pause before adopting gas &b 
the fuel of lighthouses ; for, however much the risk of 
accident may be diminished in the present day, it still 
forms a question, which ouglit not to be hastily decided, 
how far we should be justified in running even the moat 
remote risk of explosion in establishments such as light- 
houses, whose sudden failure might involve consequences 
of the most fatal description, and whose situation is often 
such, that their re-establishment must be a work of great 
time and espcnse. Gas is, besides, far from being suit- 
able in catoptric lights, to which, in many cases (espe- 
cially when the frame is moveable, as in revolving lights), 
it could not be easily applied. The oil most generally 
employed in the lighthouses of the United Kingdom is 
the sperm oil of commerce, which is obtained from the 
South Sea whale {Fhyuter macrocephahm). In France, 
the colza oil, which is expre:ised from the seed of a spe- 
cies of wild cabbage {Braseica oleracea colza), and the 
olive oil are chiefly used ; and a epedes of the fonner luu 
lately been sacceBsfnlly ii^diuied into the ^tiab li^t-: 
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houBes. Of all these oils, the purified Bpenn oil has 
hitherto been generally considered the most advantage- 
ouB for lighthouse purposes ; but the late adoption of the 
colza oil in many of the British lights, on the siiggeB- 
tioB of Mr Joseph Hume, M,P,, while chairman of a se- 
lect committee of the House of Commons on lighthouses, 
has led to an important saving, as its combustion pro- 
duces an equal quantity of light at littie more than 
one-half of the expense for sperniiiceti oil. CoDBidtf- 
able experienct; Las justified the following stidemmts 
made in my Report of 10th March 1847 : 

" 1. The colza oil possesses the advantage of remain- 
ing fluid at temperatures which thicken the spermaceti 
oil so that it requires the application of the frost lamp. 

" 2. It appears, from pretty careful photometrical 
measurements of various kinds, that the light derived 
from the colza oil, is, in point of intensity, a little supe- 
rior to that derived from the spermaceti oil, being in the 
ratio of 1-056 to 1. 

" 3. The colza oil hums both in the Fresnel lamp and 
the single Argand burner with a thick wick during 
seventeen hours without requiring any coaling of the 
wick or any adjustment of the damper ; and the fiame 
seems to he more Bt«ady and freer from flickering than 
that derived from spermaceti oil. 

" 4. There seems (most probably owing to the greater 
steadiness of the flame) to be less breakage of glass 
cbimne^B with the colza than with the spermaceti oil. 

" 5. The Gonsomption of oil, in so far as that can be 
ascertuned during so short a period of bial, seems in 
the Fresnel lamp to be 121 for colza, ami Hi for sper- 
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maceti ; while in the common Argand, the consumption 
appears to be 910 for colza, and 902 for sperraaceti. 

"6. If we assume the means of these numbers, 515 
for colza, and 508 for spermaceti, as repreacnting the 
relative expenditure of these oils, and if the price of 
colza he 3s. 9d,, while tliat of spermaceti is Os. 9d. per 
imperial gallon, we shall have a saving in the ratio of 1 
to 1-755, which, at the present rat* of supply for the 
Northern Lights, would give a saving of about £3266 
per annum. - 

Colza oil has been introduced m England into all 
the ligliis. whether catoptric or dioptric : but in Scotland 
its general use has as yet been confided to the dioptric 
liglits. and such catoptric lishts as revolve, and arc not 
likely to he changed to the dioptric system. In the 
catoptric lights, the only reason for not making an 
equally extensive trial la the necessity for renewing 
ail the burners, which require to be so constructed as 
to receive thick wicka of brown cotton : and it has, until 
la.tely, been considered prudent to proceed with some 
caution in changing the apparatus, so as to suit it for 
burning a patent oil, the circumstances attending the re- 
gular and extensive supply and the price of which, can 
hardly yet be fully known. The change is proceeding 
gradually from the use of the spermaceti to that of the 
colaa oil ; and, in a fev seasons, the whole will be com- 
pleted, as nearly all the reTolving catoptric lights h&ve 
heen altered ; and the change on the fixed lights has 
heen only delayed until they shall be conrerted to the 
dioptric system, so that one change may serre every 
purpose at onoe. 
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The oxyhjdrogen light is produced by the ignition 
or combuation. of a hall of lime (g inch diameter) in 
the united flames of hydrogen and oxjfrcn gasos, and 
ia equal to ahout 264 flames of an iirdinarv Arjiaud lamp 
"with the best spermaceti oil. It frcncvally hears the 
name of the late Lieut. I>umniond, li. E., who first ap- 
plied it in the focus of a iiaraboloid for geodetical pur- 
poses, and afterwards proposed iz for lighthouses. (Siec hi.? 
Account of the Light, !n the Phil, Trans, for 1826, p. 32-1. 
and for 1830, p. 383.) The Voltaic light is obtained by 
passing a stream of Voltaic electricity from a powerful 
battery between two cJiarcoal points, the di^itance be- 
tween which requires great nicety of adjustment, and is 
the chief circumstance which influences the stability and 
the permanency of the light. The Voltaic light greatly 
exceeds the Dnunmond light in intensity, as ascertained 
by actual comparison of their effects; hut the ratio of their 
power has not been accurately determined. It was first 
exhibited in the focus of a reflector by Mr James Gardner 
(formerly engaged in the Ordnance Survey of Great 
Britain), whose name, by an equal award, it onght to bear. 

THe application of the oxyhydrogen and electric lights 
to lighthouse purposes is, owing to their prodigious in- 
tensity, a very desirable consummation ; but it is snr- 
ronnded by so many practical difficulties that, in the 
present state of our knowledge, it may safely be pro- 
nounced unattainable. The nnoertainty whicb attends 
the exhibition of both these lights, is of itself a sufficient 
reason for coming to this coQolnsion. Bnt other reasons 
unhappily are not wanting. The smallneae of the flame 
renders them wholly inapplicable to dioptric inatni- 
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ments, which require a great body of fiame in order to 
produce a degree of divergence sufficient to render thfl 
duration of the flaeh in reTolring lights hmg enough to 
ansver the purpose of the marinier. The same defect <^ 
Tolume completely nn£ts the combinalion of these lights 
irith the reflector for the purposes of a fixed light. 

In 1835, Mr Gumey proposed the combination of a 
current of oxygen with the flame of oil, in order to ob- 
tain a powerftil light of sufficient size to produce the di- 
vergence required for the illumination of lighthouses. 
The Trinity-Houae of London entertained the propoeal, 
and made some experiments on tida important sul^ect ; 
but the plaa was finally ngeoted ae disadTantageons in 
practice. 

Until the invention by Argand (about the year 1784), 
of the lamp with a double current of air, the art of illa- 
mination seems to have received no improvement, and 
to have occupied very little attention from the time of 
Cardan, or at all events of Dr Hook, who, about the 
year 1677, in a monograph entitled " Lampas," made 
some obserrationH on the constitution oifiame, so impor- 
tant as to make one wonder that he should have stopped 
short of the discoveries of later inventors. Before Ar- 
gand's time, every wict consisted of a solid cord, whose 
flame was fed only by the current of air on its outside ; 
and the consequence of this arrangement is, that the 
stream of vapour or smoke, especially from the centre of 
thick wicks, escapes unbunit ; because, before it reachee 
the height at whif h the combustion of the central stream 
can t&ko [dUu», its tamperaJiare baa beoome- too low to 
admit of its ignitiiHi- 
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That ib» form of a 4aine is neoessarOy conoidftl, and 
&iit iia height is determined tibe relation aabaisting 
betvQen ita diameter and Uie eontinnally rtajing t«- 
looities of &6 currents of gas and air, may be easily 
eheirn ; and the combustion of each annular film &6 
stMam of gas from the irick can tt^e place only at a 
level determined by, and conlinnally varying with, the 
la^o of the velocities of the streams of gas and aoT'. I 
am unwilling to offer thia explanation in my own words, 
when those of M, Peelet, in his excellent work, Traits 
de I'Eclairage, are at hand, — " Let us oonceive," saya 
he, " a very thin film or layer of infiammable gas plaeed 
horizontally, and which rises into the air parallel to it- 
self, with a uniform motion. We shall suppose that it 
cannot be burnt, except at its circumference, and that 
the top and bottom of the film are, by some means, pre- 
served from combHstion (tiicy are so preserved in ordi- 
nary flames, by the filin.s ■which precede and follow 
them). It' the circumfercntc is at a high enough tem- 
perature, it will burn ; at each instant the film or layer 
of air, which has assisted the combustion and also the 
products of that combustion, being very hot. will rise 
very rapidly, and will make room lur uiiier layers or 
films of air, which will rise in their turn ; and as the 
diameter of the film of gas is continually diminishing, 
it is obvious that its combustion will offer the appear- 
ance of a series of circles continually growing amaller, 
and terminating at length in a point. If we trace in 
thought the aeries of circles which the combustion has 
successively developed, ve ahtSi ttam a cone whose 
length will depend on the ratio of the velodtiea of tiw 
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filniB of gas and of air which escape afler coralmstioii. 
If, for example, the velocity of the cnmnt of air were 
Tery great, compared to the velocity of the cylinder of 
gas, ike entire eombuetion would take pla«c, while the 
film of gaa passes over a very small space ; and the cone, 
formed by the successiMi of luminous circles, wotild con- 
seqiieiitly be very short. If, ,on the contrary, there were 
but a vary small difference between these velocities, the 
luminous circles would only appear at considerable inter- 
vals from each other ; for the air which had served for 
combustion, being unable to feed it longer, the surface 
of the cylinder could not become luminous until the dif- 
ference of velocity had freed it from the air whieh had 
served for the preceding combustion. If, then, we ima- 
gine a set of riimilar films suceeeding each other, each 
of them would give rise to the samis series of coloured 
rings ; and as there would be a film in each section of 
the cone in a state of combustion at the same instant of 
time, the cone would, of course, appear luminous through- 
out its height." — Peclet, Traill de rF.clairage, p, 51. 

The chief improvements which had been made, con- 
sisted in varying the level of the oil in the cistern, 
or in attempts to render that level coastaut, by me- 
chanical means, and in lessening the thickness of the 
wick, by spreading its substance into a flat form, thus 
reducing the stream of gaa which escapes from the 
centre of a thick cylmdnc wick without bemg burnt, 
and thereby causing a more complete combustion, and 
producing less smoke and a whiter flame. To Argand 
belongs the great merit of having first formed the viok 
into a hollow cylinder, thoa supplying the flame with two 
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currents of air, one of which, aa in the case of the 
solid wicli, envelopes the flame, and the other, passing 
through the centre of the wick, is enveloped hy the flame 
itself. He also added a chimney, which served to de- 
fend the flame from irregular draughts of air, and to re- 
gulate the proportion hetween the velocities of the cur- 
rents of air and the stream of gas. This was indeed a 
most important step in the art of illumination, and causes 
the great ditf'erencu hetween thy incomplete combustion, 
which, owing chiefly, as we have ween, to a defect in the 
supply of air, always takes place with a solid wielc (from 
which much unbumt gas escapes in the form of smoke), 
and that more perfect combustion in which passage is 
given for a free current of air through the centre of the 
wick. The invention of Argand came nearly perfect 
from his hands ; and hut a few slight modifications of 
his original arrangemMit have been introduced. The 
Argand burner coneasts of two concentric tubes or cylin- 
ders, separated by a small annular space, which is shut 
at the bottom, and communicates by a pipe with the oil 
fountain, whose level ought to be a little below the level 
of the upper edge of the cylinders. In this annular 
space, partly filled with oil from the fountain, stands a 
cylindric wick of cotton, loosely wove, into which the oil 
rises freely by capillary action. The wick has its lower 
edge fixed to a metallic ferule or ring, called a wick- 
holder, which (by means of a peculiar arrangement, to 
be afterwards described) gives the power of raising or 
depressing the wiok to any convenient level with regard 
to the burner. A cylinder of glass, of greater diameter 
than the bnnier, rests on a gallery or ring whioh hangs 
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from ihe burner and surrounds it. This glass cylinder, 
or chimney as it is generally called, should stand verti- 
cally with its axis coincident with that of the homer it- 
self. The effect of this arrangement is ohvious, and has 
already in part been indicated. The flame is thus ne- 
cessarily bounded on all sides by two conical concentric 
surfaces, one external and concave, and the other inter- 
nal and convex, both of which receive a free current of 
air. The flame is therefore very thin in every direction ; 
aad, as a consequence of the mutual radiation of its dif- 
ferent parts on each other, it is throughout its entire sur- 
face of more equal temperature than can ever be attained 
either in the thick solid wick or the narrow flat one. 
The glass cylinder also increases the force of the two 
currents which pass outside and inside of the flame; and 
the union of ao many favourable circumstances produces 
a greater amount of pure light than has yet been ob- 
tained by any other method. The contraction of the 
glass chimney (known by the technical name of the 
ghoulder) at a point a little above the level of the wick, 
tends to direct the current of ur mwarda on the flame, 
thereby causing a more perfect combustion and the evo- 
lutioa of more light. 

Great as Argand's improvement undoubtedly waa, 
the value of the lamp alone as a means for the illtuni- 
nadou of lighthouses must b6 regarded as compara- 
tively small. The primary object of a lighthonse is, to 
give early notice to tiie mariner of his approach to the 
coast ; and it is therefore necessary that the light be of 
such a kind that it may be seen at a great distance. 
Every one ia practically aoc|iii^ted vith the foct that 
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the rays proceed in all directions from a Inminona body in 
straight lines ; and If we cotild obtain a ball equally In- 
minous in every part of its surface, it would give an equal 
share of light to every part of the inner sorfaGe of & hol- 
low sphere, whose centre shall coincide with the centre 
of the ball. Again, if an opaque body were placed be- 
tween the luminous ball and the hullniv sphere, the part 
opposite that body would be deprived of the light by the 
interception of the rays, and no light would emerge from 
A hole bored in that part of the surface of the hollow 
sphere. The bearing of these facta is obvious ; and no 
one can fail to perceive that in the case of a lighthouse 
illuminated by a single unassisted burner, a seaman 
could only receive the benefit of that small portion of 
light which emerges from the lamp in a line joining his 
eye and the centre of the flame. The other rays would 
be occupied partly, but in a very small proportion, in 
making the light visible in other parts of the horizon ; 
while all the rest would be lost by escaping upwards into 
the sky, or downwards below the plane in which seamen 
can see a lighthouse. This state of matters would be little 
improved by increasing the number of burners, as the 
efiective part of the light would only be augmented by 
the addition of an equally trifling portion of light from 
e^tc/i burner. The small pencils of rays thus meeting 
at the eye of a distant observer, would form a very mi- 
nute fraction of the whole quantity of light uselesaly 
escaping above and below the horizon, and also at the 
back of each flame; and the wasteful expenditure of 
light would be eaumaons. By such a method no practi- 
oally efficient sea-light ctmld ever h»ve been obt^ed. 
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CATOPTMC* SYSTEM OP LIGHTS. 

For those defects a simple remedy is I'auiui in the well- 
known power possessed by most bodies, of mfeeting or 
throwing baek from them the light which falls upon 
them. Thia property is not possessed by all reflecting 
bodies in an equal degree, some absorbing more, and 
some less, of the incident light. Perhaps the earliest 
attempts to apply this property as a corrective for the 
direction of the rays from a lighthouse, would be con- 
fined to placing plane mirrors behind each lamp ; yet 
this would prove but a partial remedy, as it would still 
ieaye the greater part of the light to stray above and be- 
low the prt^r diraelion. Hollow mirrors of a spherical 
form might nfixt be tried ; and if properly placed with 
reference to the flame, woold constitate a very great im- 
provement in lighthouse illumination. But thoso steps 
in the march of improvement are more imagiifary than 
real ; and I am not awftre of any well-authenticated re- 
cords of snch gradual attempts having preceded the 
adoption of the right mode of applying reflection as a 
means of rectifying the direction of the rays emerging 
from a lighthouse. There is, on the contrary, distinct 
evidence that the impulse given by Argand's invention, 

* Fiotn the Greek xamrfa, a mirrors a oompoand of *ara, 
oppoHte to, and tm/tai, I tet. 
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led to an immediate adoption of the most perfect form 
of reflecting instruments. 

The name of the inventor of parabololdal mirrors, and 
the date of their first application to lighthouses, have not 
been accurately ascertained. The earliest notice wMch 
I have been able to find, is that by Mr William Hut- 
chinson, the pious and intelligent author of a quarto 
volume on " Practical Seamanship" (published at liver- 
pool in 1791), who notices (at p. 93) the erection of 
the four lights at Bidstone and Hoylake, for the en- 
trance of the Mersey, in the year 1763, and describes 
large para.bololdal moulds, fashioned of wood and lined 
with mirror-glasB, and smaller ones of polished tin- 
plate, as in use in those lighthouses. Mr Hutchinson 
geetn? to have understood the nature, properties, and 
defects. Ill' the instruuicnt.i wliirh he describes, and has 
shewn a good iu^'iiiiiintanet! with many of the moat im- 
portant circumstances to lie aaetided to in the illumina- 
tion of lighthouses. Many claims to inventious rest on 
more slender grounds than might he found in Mr Hut- 
chinson's hook for concluding him to have first invented 
the paraholoidal mirror, and applied it to use in a 
lighthouse ;* but, in the absence of any statement as to 
the date when the mirrors were really adqited, the merit 
of the improvement cannot, in justice, be awarded to 
him. 

M. Tenl^, a member of the Royal Corps of En- 
gineers of Bridges and Soads in France, is, by some, 

* Ht HntchinMn aeenu alio (" Piaotical Beamapahip." p. 198} 
to hsve tried specnlnm metal u & material tar li^thonte leflee- 
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considered the first who hinted at the advantages of pa- 
raboloidal refiectora ; and he ia said, in a memoir, dat«d 
the 26th June 1783, to Lave proposed their combination 
with Argand lamps, ranged on a revolving frame, for 
the Corduan Lighthouse. Whatever foundation there 
may be for the claim of M. Teulere, certain it is that 
this plan was actually carried into effect at CordnaUr 
under the directions of the Chevalier Borda ; and to him 
IB generally awarded the merit of having conceived the 
idea of applying pu^bololdal mirrors to li^thooaes. 
These were most important steps in the improvement of 
lighthouses, as not only the power of the li^ts was thus 
greatly increased, but the introdnction of a rerolring 
frame proved a valuable sonrce of difibrences in the ap~ 
pearance of lights, and, in this way, has since been ihe 
means of greatly extending their utility. The exact 
date of the change On the light of the Cordnan is not 
known ; bat as it was made by Lenoir, the same yonng 
M^tist to whom Borda, about the year 1780, entrusted 
the construction of his reflecting circle, it has been con- 
jectured by some that the improvement of the light was 
made about the same time. The refiectora were formed 
of aheet-copper, plated with silver, and had a double or- 
dinate of 31 French inches. It was not long before these 
improvements were adopted in England, by the Trinity- 
House of London, who sent a deputation to France to 
iiiC[uire into their nature. In Scotland, the first work 
of the Northern Lights Board, in 1787, was to light a 
lantern on the old castle at Kinnairdhead, in Aberdeen- 
shire, by means of parabolic reflectors and lamps. These 
reflectors were formed of /oceto of mirror-glass, placed in 
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hollow parabololdal monlda of piftster, accordiiig to the 
deugas of the late Mr Thomas Smith, the en^neer of 
the lighthouse Board, who (aa Appears from the article 
Rejector, in the Sapplement to the third edititm of the 
£ncyolopsedia Brittuuiica) vas not aware of what had 
been done in France, and had himself conceived the idea 
of this combination. The same Byetem was ako adopted 
in Ireland ; and in time, Tarionsly modified, it became 
general wherever lighthouses are known. 

To enable us to enter on the subject of the proper 
forms of reflectors, we must glance very briefly at the 
taws of reflecHon. Those laws are two in number, lat, 
The ray which falls on a reflecting surfoce, called the 
itundent ray, and the ray which leaves the reflector, 
called the rejected ray, are always in one plane, which 
plane is perpendicular to the reflecting surface. 2d, 
The angle which the reflected ray makes with the re- 
floctor i-! ;iliv!ivi^ c(|ual to the arifrlc ivliich the inoid&itt 
ray ni;il>('^ wit'i ir, or, in u;licr ivoni:-, [ho angle of mci- 
dence is equal to the angle of reflection.* 

* This will be more readily naderatood hj lofbrring to tba w- 

'J 

■oinpui7ingfignTe(Fig. 3), inwhidi CDBF ii the reflecting (ur- 
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It woald lead to prolixity, altogettier gnperflaoas in 
this place, to ezplua, id a rigoroas manner, the effecta 
produced hj Tarions reflecting surfaces on the direction 
of the rays incident on them ; as any one who compre- 
hends the laws of reflection just enumerated, may easily 
satisfy himself of the following trnths : let, That a plane 
mirror mates no change on the divergence of the rays, 
but merely causes them to emerge from its surface in 
the same direction as if tiiey had come from a point as 
much behind the mirror as the luminous body lies in 
front of it. 2d, A convex reflecting surface increases 
divergence, and disperses the rays in the same manner 
as if they had come directly from a point behind it, 
whose distanoe from the mirror increases with the dis- 
tance of the luminous body from its surface, and dimi- 
nishes with the degree of convexity of the mirror. 3d, 
A concave surface diminishes the divergence of the rays 
inciiient upon it from a point between the surface and 
it* i;entr(; of curvature ; the distance of the point in 
whieh the refieeted rays converge diminishing as the 
distance of tbc radiant point, or the concavity of the 
mirror is increased. It is obvious, therefore, thaC con- 
cave mirrors are those which are reijulred to produce a 

faoe ; QHOEI tbe plane of refection perpendknlar to tliat aur- 
face ; BO a line perpendicular or normal to the soriace CDEF ; 

and AO iiie inpident raj-. Then if in the plane OHOKI, the 
angle TiOT be inai-le &]Hal to AOH. OE ie the reflected ray ; BOG 
is tljeii tiie uiLgli; of iiickkiK O ; and BOI the angle of reflection. 
GOH and lOK, which are the complement* of those angles, are, 
indeed, more stiiotlj speaking, the angles of incidence and reflec- 
tion ; bnt in oases irhere tbe Mfleotlng snt£i«e is eurred, it is more 
convenient to refer the angles to the normal BO. 
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correction of tbe path of the rajs, bo as to applj them 
to most advantage in a lighthouse, the ohject to be at- 
tained being that of throwing the greatest amount of 
light towards given points in the horizon, and collecting 
the divergent rays, which, as we have already seen, are 
scattered above and below it. 

To simplify our view of this matter, I shall, in the 
first place, suppose that the object to be attained is, to 
throw the whole rays of a single lamp, with an infinitely 
small flame, to a given mathematical point at a mode- 
rate distance ; and, as this is a case which cannot 
occur in the practice of lighthouse illumination, I con- 
tent myself with observing, that this object may be at- 
tained appro-vimately by placing the lamp in front of a 
spherical mirror at any distance greater than half the 
radius of the curve surface, or accurately by placing it 
in one focus of an elliptical mirror ; in all those cases, 
the rays would meet in the opposite, or, as they are 
tetmei, conjugate foci. Let us next suppose that our 
object is to illuminate, by means of a mathematical 
point of light, a small circular space on the horizon 
equal in diameter to the mirror employed; this object 
will be rigorously attained only by placing the light in 
the focus of a parabololdal reflector. The same object 
may be approximately attained by placing the light in 
a spherical mirror, at a point half-way between the 
centre of curvature and the surface of the mirror, pro- 
vided the surface of the mirror shall subtend only a 
small angle at the centre of cnrrature. The parabo- 
loldal mirror, on the contrary, has the property of con- 
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verging to Uie foona pwallel rays faUing npon ereiy 
point of its Burface, howeyer extended it may be. 

Any one pracdoally acquainted with this subject, 
mngt at once perceive that the paraholoidal mirror 
completely &Ifilfi one great object required in a ligbt- 
hoose ; and to render this more obrioos to the general 
reader, I shall, for tJie present, confine my remarks to 
the case of those lighthouses vhich exhibit to the mari- 
ner, in every part of the horizon, pencils of light at cer- 
tain intervals of time, separated by periods of darkness, 
reserving the consideration of lights which are continu- 
ally in sight all round the horizon, or over a given por- 
tion of it, for a subsequent part of these observations. In 
doiDg this, I am aware that I may appear to be depart- 
ing from the strict order of investigation, by suddenly 
introducing the idea of motion ; but a little consideration 
will, I think, satisfy the reader that this is, in reality, 
the more ooiiienicnt mode ol treating; the atib]ect. Let 
us suppose, tlifn, that iiur ijb]Ket is to give occasional 
iiashes of Ii^ht qui linl L> iubnj,la nf daihnets, to 
seamen in vanuii-j a/,llllutl]^. and at various distances 
from a ligttho a ■;(.■, It 'An laus that this may he most 
efficiently done by causinfl; concave mirrors, which col- 
lect the rays from lamps placed in them, and thereby 
increase the light m front of the mirror, to revolve round 
a vertical axis with a velocity suited to produce the re- 
quired number of flashes in a given time. The paraho- 
loidal mirror is best adapted for producing this effect, 
for the following reasons : let. Because it alone prodaces 
a rigorous parallelism of all rays proceeding from its 
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focus, and falling npos U17 fwit of its aurftoe, how- 
ever distant the point of reflection from that focus, w 
however far in front of it. 2d, Because it therefore 
embraces in its action the greatest number of the whole 
rays comiug from the focus, and, ceete»*ifl paribae, will 
produce the strongest light. 3d, Because the Oieoreti- 
cal object to be attained is to make those flashes eijually 
powerful at any distance, an effect which would be rigor- 
ously fulfilled by placing an infinitely small flame in 
a perfect paraboloidal mirror' And, itli. Because ^- 
though absolute equality of luminousness at any dis- 
tance is not attainable, and, in practice, is inconsistent 
with other conditions required in a useful iight, we still, 
by using the parabolic mirror, make the nearest ap- 
proach to jtiiriilKiiiriii! iif the rejected rays, and conse- 
quently obiuiu the sti-uni^cst light which ia consistent 
with a due regai-d to a certain duRitiop of the flask on 
the eye of a distant observer, which is measured by the 
angle of the luminous cone projected to the horisou. 

Having thus so far anticipated what some might think 
would more naturally have occurred in a subsequent 
part of these observations, I return to a more deta^iled 
consideration of the parabola itself, and its product, the 
paraboloidal mirror. I content myself, however, with 
describing the parabola, by that property which pecu- 
liarly adapts it to the purposes of a lighthouse. The 
parabola, then, is a curve of the second order, obtained 
by cutting a cone in a plane parallel to one side, and 
poss^sing this remarkable property, that a lim drawn 
from thefomu to anjf point in th« eurtw, makee,w\&a 
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tangent at that point, an angle equal to ihat which a 
Ivae parallel to the aim of the curve makei with Ihat 

tangent.* 

* See third curuliarj to Propoeition IIT. of Wallace's Conie 
Sectiooa, wbicb shews that a tangent to the psiabola ma^ equal 
■oglM with the diameter wliich pasua through the point of con- 
tut and a ttmigbt line drawn from that point to the fbcni. The 
onrre 11U17 he traced hi two difibrent waTs.both dependent on tho 
property, that the dhtance of any paiat in the parabola from thi 
fo<Mi it i-jaal tti its Oi'tance from the directrix. 

To draw the curve iiiedianicallj (fig. 4), let V he the foous, 
MF the focal distance (chosen at pleaame according to rules 
which 1 shall afterwards notice), KMX is the axia, and AB Um 
diieotriz (the dotted liue/Pt, bonnded the curve at 6iQm 
end, would then he the parameier or tatvt Tectum). Plaee the 
edge of the stiai^t mler AKHB along the directrix ; and let 




T.HB be a stjuare ruler which may slide along the fined ruler 
AKHB, BO that the edge HL may be constantly perpendicular to 
AB, or parallel to MX, the axis ; let LDF be a string equal in 
length to HL, and having one end fixed in F, and the other at 
L, a point in the alidlng aqnare. Then if the ebring be atretohed 
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It is easy to sco, tliat if this curve revolve about its 
axis, it will generate a parabolic coaoid, which we may 

hj a pencil D, to u to keep the part DL ola*e to the edge of the 

Bqnare, and if at the same time the aquaie be gently pushed 
along the line AB, the point H will hp forcpd to move along the 
edgt^ I.il 111' tlie -xqiiare, ;iriil .1 ill out ,1 curvB which will be 

the require'I jiaraliok. Tliii ubi lim.-, imin thu conelderiition. 
that the strbg LDF lieing equal in length to LH, and LD being 
oonunon to both, the remainder DF muat be equal to the remain- 
der DH, «o that the pcmit whioh traoee the curve being equidia- 
taot feom the directrix and the footu mntt, in tenns of the ftbore 
deflnitioD, dewribe a puabola. 

In tbe wcoDd place, the same property, ai already itatad, fnr- 
nitbetnewith the meaiiaof tradngthemirve hj finding tncceBuve 



points therein (fig. 5). Dniv a line ob perpendicular to the axia 
OX, and the poslliun in this line, of a point p through which the 
curve parses, is easily found, thua : IJescribe from F the focus ac 
a centre with a radius equal to the perpendicular distance 0 (( of 
the line abtrom the directrix AB, a circle cutting the line ab 
in two ptantap andp'; then both then points ate in the curve. 
B;- repeating the «ame prooeM, any nnmber of points in the onrve 
may be obtained; 



Fig. 6. 
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conceive to be concave or convex, as we please. If the 
surface be concave, we obtain the mirror of which we 
are in search ; for every principal section, or that piue- 
ing through the axis of ench a mirror, will necessarily 
poHsess the same properties as that of the plane curve, 
and will each have a focus meeting in one and the same 
point ; the union of all these sections will therefore form 
a mirror capable of reflecting, in a direction parallel to 
the axis and to each other, all the rays of light which 
fall on its surface. 

We have already seen that a perfect paraboloidal 
mirror, with a point of light infinitely small placed in 
the focua, would project a beam equally intense at any 
distance, every transverse section of which would be of 
the same superficial extent. In practice, these condi- 
(ions can never be rigorously fulfilled. No perfect in- 
strument can come from the hands of man ; and every 
mirror must of necesuty possess many defects. To ob- 
tain a tme mathematical point of light is also impos- 
sible ; and for the purposes of a lighthouse, it would be 
completely nseless, as will appear from the following 
simple conuderations. Let us suppose that a true pa- 
rabololdal mirror^ having a doable ordinate or space of 
2 feet, and illuminated* by a point of light, projects a 
truly cylindrio beam of light to tha horizon, and that it 
rercdres borizonti^y round a vertical axis, with such a 

La»tlj, from tlie equation to the curve, the length y of an; or- 
dinate may be computed, in terms of m ifa principal fboal dis- 
tance, and X its abscissa, hj the simpla ozprassion, — 
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velocity as to cause the l)cain t<i pass over tlio eye of an 
observer stationed at the distance of 100 feet in one 
Becond of time, and we shall find that another observer, 
at a distance of 15 miles from the mirror, would not eee 
the light at all, although of equal size, because its ve- 
locity at that distance would be so great aa only to be 
present to his eye for T^j-d part of a second, & spaca of 
time far too short to make a perceptible impression o» 
the eye of a distant observer. This is no mere hypo- 
thesis unsupported by facts ; for I shall have occasion, 
in another place, to notice certain experiments, by which 
it was ascertained that a beam of light emerging from 
a lens, and passing over the eye of an observer at 14 
miles' distance, in a space of time equal to liith of a 
second, became altogetlier invisible at that distance. 

For this evil, happily a very simple and efficient re^ 
medy ma^ be found in what may be said to constitute 
a theoretical defect in the combination of the Argand 
burner with the rejector. The burner, instead of being 
a mathematical point, has generally a diameter of about 
one inch, and a ray proceeding from the edge of the 
flame to any point on the surface of the mirror, makes, 
with the line joining that point and the principal focus, 
an angle which, being repeated by reflection, ^ves the. 
effective divergence of each side of the mirror at that 

■ This is easily imdeTBtooii Ijy reference to Ihe accompany in ^ 
diagram (fig. 6), in which AOB is a central section of a parabo- 
imal mirror. 

PFiidisUncB irom the fociu F to n point in the oorre P, and 
FO B tangent drairo from P to the mrfaoe of the flame at O 
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It is still more obvious, that a perfect paraboloidal 
figure, and a Ittminous point mathematically true, would 
render the illnmination of tlie whole horiion, hj means 

FG=radiiit of the wicl or Staae ; 
and aPF = GTF' = divergence of one side of miitor, and coose- 




or the^eine of the divergence from each point is equal to 

Radius of flame. 

" DistanCB from fO(;us to point of reflection. 
It ie obviouB thsit thia quantitj, which Tories inveneli/ with the 
distance of the refiecting snrface frem the foons, is gieitteat at the 
ToTtes of the cnrve, and leut at the ^dei or edges of the psra- 
holotd. The moat useful part of the light, or that trhioh eondnoe* 
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of a fixed light, impoasille ; and it if! (miy from the di- 
vergence caused by the size of tiie flame, which is suh- 
stituted for the pouil, that «"c are enabled iu render even 
revolving lights [UTictically useful. But for this aber- 
ration, the slowest revolution in a revolving light would 
he inconsistent with a continued observable aeries, such 
as the practical seamen could follow, and would, as we 
have seen, render the flashes of a revolving light too 
transient for any useful purpose; whilst fixed lights, 
being visible in the azimuths only in which tlic mirrorw 
arc placed, would, over the greater part of the distant 
horizon, be altogetlier Invi.^ilde. The size of the flame. 

to tlie sirongeit part of the flash in a revolring light, is that 
which IB denved liram the cone of ra^a wbiali i< bounded h; the 
limitB of this mtnimum divergence ; Ibr ftint light which flnt 
reaches the e^e of a distant observer, in the revolntion of a re- 
flector, is BOt that which is reflected h? the sides or edge*, m 
might at first be supposed, but proceeds from the centre. The 
light, in fact, gradually increases in power in proportion as addi- 
tional mys of reflected light are brought t« bear on the observer's 
(•je, until, last of all, the extreme edge of the mirror adds its 
effect. The light continues in its best state until the oppositp 
limit of minimum divergence has been reached, when it begins 
graduallj to decline, receding from the margin of the mirror 
towards flie centre ; and, having at length reached Ae limit Ot 
its muimum divergence, it finally disappeart at the centre. The 
increase and decline of the power of a mirror in the course of its 
movement round the circle of the lantern, as seen by a distant 
observer, will, therefore, in all its different states, be measnted 
by the areas of a series of circles described from its focus, with 
radii equal to the distance of the focus from the point of the mir- 
ror which rafleota to the observer'* eye the extreme lay which 
can readi him in any given position of tlie mirror. This will be 
more easily tmdeistMd by referringio the acomnpanyingdiagtaiD, 
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therefore, wliicli is placed in the focus of a parabololdal 
mirror, when taken in connexion with the form of the 
(flg. 7)i in wliiiih B aa' IB the piindpal Nction of ft parabdoldal 
mirror, F Its fbciu, a FA ilB axjg, ud FE the ndiot of the flame. 
Fig. 7. 



0 




If the reflector revolve round a vertical a.iii u. an observer 
placed in front of it (at a distance eo great tba.t the subtenee of 
the mirror's width would be small enough to allow us safely to 
oonsider the lines drawn &(m e and «' to his eye as paralld), 
would receire the first raj of light in the direction a D, as re- 
flected at a, from a single point on the edge of the flame (wher« 
a tangent to the ilame would paaH tlirough ; and converaelj' hu 
would lose the last raj at D', as reflected at o, from a Einglu 
point on the opposite margin of the flame ; and hence, as above, 
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mirror itself, leads to those important modifications in 
the paths of the rays and the form of the resultant heam 

the greatest diTergence U measured by the angle which the flame 
subtends at the vertex a of the mirror, being tbe sura of the 
anglei a and a'. We ahall neit suppose the mirror to move a 
litfia, so that the olMerTer tat,j leoelTe at Q « raj of liglit from 
Kane other point in the flame whioh ig reflected at T>; whUa 
another nj from an oppoeite point refiecled at b' irould he seen 
in the parallel direction b' G', thus indicating tha boundary of a 
circular pcrtion of tlie mirror ii a V, the whole of which would re- 
Hect light to the distant observer's eye. Again, let us suppose a 
nj ia come &om another port of the flame, and be reflected at 
tbe ntirror'a edge « into the diraotiDD t H, and another from ths 
oppodta tide of the flame to be reflected at its oppoahe edge 
into the direction e! G*, and we obtun the fuH eSeat of the whole 
reflecting surTace, which will continue unabated until the mirror 
in the course of its revolution shall reflect at «' to the obterver'a 
Bye, a ray from a point in the margin of the flame {through which 
a tangent drawn from «' to the flame would pass) in such a direc- 
tion, that the angle which it mates with the aiis of the mirror is 
equal to that suhtended by the radius of the flame at the distance 
F « or F e'. After this the light would recede from the edges of 
the mirror in the same gradual manner, until it should vanish in 
ihn diiMtion a D', which is the opposite limit of the extreme diver- 
genoe of the instrument. In the above explanation. I have con- 
fined myself simply to the efl'ects of the outer ring of the flame, 
which is the source of divergence ; but I need not remind the 
reader that every portion of tto flame radiates light, which, be- 
ing reflected, conduces to the eifect. Some rays also are pasdug 
from the opposite sides of the flame throogh the tme focua, «o u 
to be normtdlg nflected in lines parallel to its axia. The soUd 
lioM in the diagram gbew tbe tbeoretioal reflection of rays pro* 
seeding from F to 6, b', t, e', where they are diverted into tiie 
directions 6 B, 6' a E. and e'E'; and by Contrast with the 
dotted lines, serve to render more perceptible the path of the 
divergent rays which come from the edge of the flame. The 
Greek letters indicate the angles of divergence, and point out 
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of light, which have rendered the eatoptrio system of 

lights so great a benefit io the benighted seamen. 

In ovdor tij iihtain ft mirrnr capaWc of producing a 
given di^orgonof of tho ri-ticcteil bojim. tliorofore, we 
must proportion its focal distance to the diameter of the 
flame in such a manner, tliat the pino of one-half the 
whole effective divergenci! of tho mirror, may Ic eqnal 
to the quotient of the, radius of the flame, divided hy 
the distance of a given point on the surface of the mir- 
ror from, the focus. The best proportions for parabo- 
loidal mirrors depend on the objects which they are 
meant to attain. Those which arc intended to give 
great divergence to the resultant beams, as in fixed 
lights, capable of illuminating the whole horizon at one 
time, should have a short focal distance ; while those 
mirrors which are designed to produce a nearer approach 
to parallelism (as in the case of revolving lights, which 
illaminate \>ui a few degrees of the horizon at anj one 
instant of time), will have the opposite form. Those 
two objects ma;, no donbt, be attuned with the same 
mirror, hj increasing or cUministiing the size of the 
burner ; bnt that is b; no means desirable, as an; 
change on the size of a burner, which is found to be 
the beat in other respects, must be considered as to 
some extent disadvantageous. 

What I have stated above as to the use of mirrors 

their reUtions to eMb other on either side of the mirror. The 
arcs of greatest and least divergence are marked in the diagram. 
This subject will b« found treated lea* dtreoOy, but, oertsinlj, 
more concisely and neat!}', b; Hi W. H. Barlow, In a paper on 
the Illumination of L^hUionsei, in the London Traniaetions for 
1837, p. 318. 
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with B, short focal diat&nce for lights of great div^ 

gence, proceeds on the assumption, that the penmnbral 
portion nf tho light, on each side of the strongest heam 
(which roufiiied widiin the limits of the least diver- 
genco, due to that porti m of the mirror where the focai 
distance is the greatest) is to be pressed into service in 
the illumination of the horizon; and it is the chief in- 
convenience which attends the application of parabo- 
loidal mirrors to fixed lights, that because it is imprac- 
ticable to apply a number of mirrors auflicicnt to light 
the whole horizon with an equally strong light, spaces 
occur on either side of each reflector in which the ma- 
riner has a light sensibly inferior to that which illumi- 
nates the sector near the axis of each mirror. This will 
be beet explained hy stating the numerical results of 
tlie computations of the divergence of the mirrors used 
in the Northern lighthouses for this purpose, both at 
the vertex and the sides. In a mirror whose fooal dis- 
tance is 4 inches, and iie greatest double ordinate 21 
inches, illnminated by a flame 1 inch in diameter, we 
find by computation, that the greatest divergence is 14° 
22', and that the strongest arc of light is only 6° 16* ; 
a difierence so great, that while the one may admit of 
the horison being imperfectly illuminated by means of 
26 reflectors, the superior light which would result from 
confining the duty of each instrument within the range 
of its best effect, could only be obtained by the use of 
68 reflectors, and the expenditure of a proportionately 
great quantity of oil, not to speak of the great practical 
difficulty which would attend the arrangement of ao 
many lamps in a lantern of moderate size. In revolv- 
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ing lights, the mirrors are not, as in fixed lights, incon- 
Teniently tased for horizontal divergence ; because ea«h 
portion of the divergent beam visits successively each 
point of" the horizon. In this vioiv of tlie merits of fixetl 
and reDolving lights, I should be disposed to recommend, 
in any new organisation of lights with jiarabolic reflec- 
tors, the adoption, in fixed lights, of reflectors with 
short focal distance and small span, so as to admit of 
many being ranged around the frame ; while in revolv- 
ing lights, it would be mj aim to approach the largest 
size of reflector that could be made, so as, if possible, to 
illuminate each face of the revolving frame by means of 
a large lamp in a single mirror, with a great focai dis- 
tance, thereby diminishing the difference between the 
divergence of the powerful cone of rays reflected from 
the more distant parts of the mirror, and that of the 
feebler and more diffuse light from its apex. The ap- 
plioatioD of reflectors of very short focal distance, to the 
flames of the ordinary Argand lamp, mnat be aviuded, 
as an undue aberration of the ree&ltant cone of light it 
thereby produeed. The difficulty of maUng the reflec- 
tors, also, increases rapidly wiUi their depth. 

The maximum luminous effect of the reflectors ordi- 
narily employed in fixed lights, as determined by obser- 
vation, is generally equal to about 350 times the effect 
of the unassisted flame which is placed in the focus ; 
while for those employed ui revolving lights, which are 
of larger size, it is valued at 450. This estimate, how- 
ever, is strictly applicable only at the distances at which 
the otis(irvatioiis have l)i^eii niiidc, as the proportional 
value of the reflected beam must necessarily vary with 
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the distance of the observer, agreeably to some law de- 
pendent upon the unequal distribution of the light in the 
iUnminous cone vAwh proceeds from it. The effect aiso 
varies very mucfi in piirtioiilai- instruments. The ordi- 
nary burners xifnil hi lighthouses are one inch in diame- 
ter, and the focal distance generally adopted is 4 inches ; 
so that the extreme divergence of the mirror in the hori- 
zontal plane may be estimated at about 14" 22' ; while 
the divergence of the most luminous cone is 5° 16' for 
the small reflectors, and 4° 25' for the larger size. In 
arranging reflectors on the frame of a fixed light, how- 
erar, it is advisable to calculate upon a less amount of 
effective divergence, for beyond 11° the light is very 
feeble ; but the difficulty of placing many mirrors on 
one frame, and the great expense of oil required for so 
many lamps, have generally led to the adoption of th« 
first valuation of the effective dirergence. 

The measure of the illuminating power of a paraho- 
loldftl mirror may he estimated as tiie quotUnt of the 
BDRFACE of the eirele which eutt it in the plane of it» 
greateet double ordinate, divided hy the mtrfaee of the 
largett vertical section of tke flame, and diminished by 
the loss of light in the process of reaction. This es^- 
mate vill be found near enough for all praotical pur- 
poses; hut it is obvicmsly inaccurate, inasmuch as it 
overlooks the oircnmstiuiee of the focal distance of each 
portion of the mirror being different, and the conse- 
quent increase in the length of the various trajectories 
at each point of the surface as you recede from the axis ; 
and the only correct rule, therefore, is, to find an ima- 
ginary focal distance which must be the radius of a 
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spherical segment, which shall answer the douhle e<m- 
dition of having its surface equal to that of the greatest 
cross section of the mirror, and of including, at the same 
time, a number of degrees equal to those which are 
brought under the influence of the reflecting action of 
the paraboloid. This subject, however, as I have al- 
ready hinted, is not of great practical importance ; and 
I shall not therefore dilate on it farther, hut content 
myself with saying, that such a line will he found to be 
a Tiifart proportional between the rjreateat and leant 
focal distances of the mirror. The large mirrors used 
in the Northern Lighthouses have about H^ts of the 
whole light of the lamp incident on their surface ; the 
rest escapes in the comparatively useless state of natu- 
rally radiating light. Several arrangements have been 
proposed for economising this light, which will he after- 
wards noticed. 

The reflectors used in the best lijihthouses are made 
of sheet-copper, plated in the proportion of six ounces of 
silver to sixteen ounces of copper. They are moulded 
to the paiaholo!idal form, by a delicate and lalKuioos 
process of beating with mallets kdA hammers of rarions 
forms and materials, and are frequently tested during 
the operation by the application of a mould carefully 
formed. After being brought to the enrve, they are 
stiffened round the edge by means of a strong bizsle, 
and a strap of brass which is attached to it for the pur- 
pose of preventing any accidental alteration of the figure 
of the reflector. Polishing powders are then applied, 
and the instniment receives its last finish. 

Two gauges of brass are employed to test the form of 
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tlie reflector. One ia for the back, and ia used by the 
workmen during the process of hamtnering, and the 
ather is applied to the concave face as a test, while the 
mirror is receiviDg its final polish. It is then tested, 
hy trying a burner in the focos, and meaauring &e in- 
tensity of the light at Tudoas points of the reflected 
conical beam. Another test may also be applied soc- 
cesfflvely to rarious points in the sorface, by masking 
the rest of the mirror ; but as it proceeds upon the as- 
sumption that the surface of the reflector is p^ect, and 
that ve can measure accurately the distance from a 
radiant coincident with the focus to the point of the 
mirror to be tried, it is in practice almost useless. For 
such a trial we must pla«e a screen in the line of the 
axis of the mirror at sotno givon (listancc from it, and 
ascertain whether the imago of li. vci'v small object 
placed ill the conjugate focus, which is due to the dis- 
tance oi' the screen in front of the focus, he reflected to 
any point coiisideriiblj distant from the centre of the 
screen through which the prolongation of the axis of the 
mirror should pass. We thus obtain a measure of the 
error of the instrument. For this purpose, we must find 
the position of the conjugate focus, which corresponds 
to the distance of the screen. If b be the distance to 
which the object should be removed outwards from the 
principal focus of the mirror, d the distance from the 
focus to the screen, and r the distance from the focus to 
that point of the mirror which is to be tested, we shall 

have ft = ^ as the distance to which the ol^ect must be 
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removed outwarda from the true focus on the line of the 
axis.* 

The flame generally uaed In reflectors is from an Ar- 
gand fountain-lamp, whose wick is an inch in diameter. 
Much care is bestowed upon the manufacture of the 
tamps for the Kortbern Lighthouses, which sometimea 
h&Ve their bumraB tipped with silrer to prsTent wasting 
by the great heat which is evolred. The bnirtere are 

* The trath of this aqnation waj be euUj asoertaiiied u M- 
lowi {See flg. 8) : — 

Pig. 8. 




Let AP be the mirror, F prliinj-n; r.inis, nnA PH tlie line 
of reflection of the lay VP ; I'm-n nr; uljji i t .it I will be reflected 
st P to the conjugate focus O, ^^in;ro tho si;retn is supposed to be 
placed. But hy construction, FPI = HPO = POF, and the angle 
at F being TOmmoE, the triangle FPI is similar to FPO, and 

hence FO : PP : : PF : FI, and FI =- ; and substituting tha 

letters in the text, we get d : r : ; r : and h a—. 
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also fitted witb a diding apparatus, accurately formed, 
by whioh they may be removed from the interior of &e 
mirror at the time of oleuung tliem, and returned ex- 
actly to the same place, and locked by means of a key ; 
it is remarkable that this arrangement should not hare 
been adopted elsewhere, except, indeed, in Ireland, where 
eight of the lighthouses were m&ny years since fitted up 
with apparatus made at Edinbtirgh, under the directions 
of Mr Robert Sterenscn. This arrangement^ which 
is shewn in figs. 9, 10, and 11, is e^^. g. 

very important, as it insures the 
burner always being in the focus, 
and does not require that the re- 
flector be lifted out of its place 
every time it is clenned ; so that, J 
when once carcfullj- set and ! 
screwed down to tho frame, it is 
never altered, hi thasc tii^f. a a a 
represents one of the reflectors. 
& la the burner, and c a cylin- 
dric fountain, which contains 24 
ounces of oil, Ihe oil-pipe, the fountain c for supply ing 
oil, and the burner b. are connected with the rectangaiar 
frame d, which is moveable in a vertical direction upon 
the guide-rods e and /, by which it can be let down, so 
that the burner may be lowered out of the reflector, by 
simply turning the handle g (as will be more fuUy un- 
derstood by examining figs. 9 and 10), which has the efieot 
of farcing a thr«ad (like that of a screw) on the outside 
of the guide into a groove in the &am6, or withdrawing 
it, and thus aJlows it to slide down o^ locks it at ple»- 
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ante. Anapertnreof&nelliptic&l form, measuring about 
two inches by three, is cat in the upper and lower part 
of the reflector, the lower eerring for the free egress and 



Fig. 10. Fig. 11, 




ingress of the burner, and the upper, to which the oop- 
per-tube 7i is attached, serving for ventilation ; * shews 
a cross section and a back view of the main bar of the 
chandelier or frame on which the roflectora are ranged, 
each being made to rest on knobs of brass, one of which, 
as seen at h h, is soldered to the brass hand I, that clasps 
the exterior of the reflector. Fig. 9. is a section of the 
reflector a a, shewing the position of the bnmer h, with 
the glass chimney V, and the oil-cnp I, which receives 
any oil that may drop from the lamp. Fig. II shews the 
apparatus for moving the lamp np and down, so as to 
remove it from the reflector at the time of cleaning it. 
In the diagram (fig. 11) the fountain c is moved partly 
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down; dd eliewg tlie rectangular frame on which the 
burner is mounted, e e the elongated socket-guides 
through which the guide-rods slide, and / the guide- 
rod, connected with the perforated sockets on which the 
ehecMng-handle g slides. The oil-cup I (covered with 
a lid and ■wick-hidder. as sliewn in fig. 12) 
also serves as a front-lamp during the long 
nights of winter, ivlien the oil ia apt to turn 
thick. It is attached to the lower part of the 
oil-tube hy the arm A ; and is lighted ahout 
an hour before sunset, so as to prepare the 
reflector lamp for lighting at the proper time. The 
communication between the burner and the fountain is 
easily opened or shut in the burners used in the Scotch 
lighthouses, by simply giving the fountain a turn of one 
quadrant of the horizon round its own vertical axis by 
means of the round knoh at its top, and thereby moving 
a simple slide-valve, which shut? off the communication 
between the fountain-tube and the lamp-tube. By this 
mode, the oil is cut off about fifteen minutes before ex- 
tinguishing the lights, so that when that is done, the 
biltner is quite free of oil. 

It would needlessly occupy much time and space to 
describe the various means (many of them sufficiently 
clumsy) which have been employed, and in many places 
are etill in use, for rusing and depressing the wicl^ ; it 
will be enough to say, that they all involve some appli- 
cation of the rack and pinion. I shall, therefore, only 
describe the method (invented, it is believed, by M. 
Verzy) whicL is adopted thrcugfaont the district of the 
Commissioners of Northern Lighthonses. The arrange- 

E 
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ment is as follows (see fi^. 13, 14, 15, 16, 17) ; The 
inner tube t of the borner is enclosed hy a strraig tabe 




S, which fits to it tightly, so as not to be eaul^ moTQfi. 
This strong tnbe has a spiral groove out on its outer or 
convex surface. The wick-holder lias two small pegs 
projecting from it, the one on the inside (not seen), and 
the other on the outside at a (fig. 14). That on the in- 
side works in the spiral groove of the tnhe S (figs. 13 
and 14), already described as emhracing the iTiner tube 
/ ; and all that is required for raising the wick is, to 
make the wick-boldcr turn round on its vertical axis. 
This is efi'ected by moans of tLc small external peg a of 
the wick-holder (fig. 14), which moves in a vertical slit 



Digitized by GoOgle 



CATOPraiC SYSTEM OF LIGHTS. 99 

a (figs. 13 and 15), out in a tube standing in the burner, 
and concentrio with it, and which also moTes freely 



Fig. IB. Fit;. 16, Fig- 17. 




round its axis. Small knobs n n (figs. 13, 15, and 17), 
at the top of this tube, fit into a notch in the upper 
ring of the gallery, which supports the glasB chimney. 
By turning this gallery g (see figs. 13 and 17), there- 
fore, motion is given to the tube, with its knobs n n, 
■whose vertioal slit a (while it holds the external peg of 
the wick-holder, and also turns it round along with it) 
permitB that peg a to slide upwards or downwards, and 
thiia the wiclc-liolder rises or falls, accordiag aa its own 
internal peg moves np or down the spiral groove in &e 
tube S. In fig. 13, C shews the glass chimney resting 
on the gallery g g. The wick is shewn in fig. 16, at- 
tached to the wiok-holder. 

An important point in the economy of f^e Argand - 
lamp, is the level at which the outlet for the oil, in its 
passage from the fi>iintain to the burner, should be cut. 

The cutting of this hole (generally called the fiow- 
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hole) in the pipe is termed the fiowing of tlie lamp, and 
IB commonly done by sucoeaeiTe trials, until the oil 
stands in the burner at the proper level, before the wick 
is put in. A more ready and accurate method of ac- 
complishing this object and at once determining the 
level at which the flow-hol-: s^hould cut, wn? intro- 
duced by Mr Jamcf; Min\l.>eh, (iiu F.jvcduul ..f light- 
room repairs to the Scoteh Board, and is generally em- 
ployed in the Northern Lighthouses. Its nature will be 
readily understood by a reference to the accompanying 
diagram (fig. 18). 

Pig. la. 
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The hatched surface represents a metallic ruler, with 
a spirit-level at L ; C ia the cup in which the bottom of 
the fountain / (shewn in dotted lines) roeta. When the 
fountain ia removed, and the ruler rests on the edge of 
the cup C, the screw at A is used to adjust the level at 
L ; and a gauge G G is allowed to fall until a notch in 
it at rests on the outor tube of the burner F ; the 
pinching-screw B retaiuB this ruler in its pla«e, and the 
point y indicates the level at which the oil should stand 
in the burner. The level line af x indicates the level on 
which the top of the fiaw-hoU H should be cut in the 
fonntain-tube, which is Bhewn in dotted lines within the 
onter tube or hody at the lamp. In other words, af 
measures the level at which the oil should stand in the 
burner helow the lower edge of the metallic roler, while 
the corresponding line y x, at the opposite end, shews 
the level of the top of the jlow-hole H, below the edge 
of the cup C. The gauge 00 applied to that point of 
the fountain which coincides with the edge of the cup (so 
that ^ coincides with y) measures the length i/j;=j/',r' i 
and a aet-square applied at ,r gives tiie position of H on 
the fountain-tube. The round dot at a shews the posi- 
tion of the air-hole in the body of the lamp, which esta- 
blishes a connection between the external air and the 
surface of the oil. The rods bS shew the sliding gear 
(described as d and/, pages 9o and 96j, and are only 
introduced to identify this diagram with those of the 
fountain and burner whion nave preceiicd it. 

The most advantageous level of the flow-hole depends 
on many circumstances too obscure and complicated to 
admitof any systematic elucidation; and it is enough for 
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all practical purposes, to know that the capillary powers 
of the wick, and the greater or less viscidity of the oil 
are the chief circumstances which determine that level. 
Actual experience is the only sure guide to the beet 
practice in this respect ; and I therefore content myself 
with stating, that it is generally foimd that the sperm 
oil should stand in the empty burner at about | inch 
below its top. For colza oil | inch is sufficient. In 
summer, owing to the oil being more fluid, there is some- 
times a tendency to overflow the burner ; hut any incon- 
venience arising from it is avoided by the plan adopted 
in the Northern Lights, of shutting off' the oil (by means 
of the apparatus already alluded to on p. 97) about fifteen 
minutes before extinguishing the lights in the momiiig. 

The ammgemeat £>r cutting tiie oil ia ver; Hmple, 
aa Till be seen &om the annexed diagram (fig. 19), in 
whicb F is the fomtt^n, T the oil-tube pig. 19. 
leading to die burner, and Y the flow- 
hole, with Ue slidiDg valre. By tnming 
4^0 handle H one quadrant of the eirole, 
the whole fonntun ¥ and tube T tnm 
round their verUoal axis, while the valve 
V, which rests in a notch in tiie cap of 
the lamp, remains still, and sliding over 
T, opens the Jhw-hole. S is the screw- 
plug which retains the oil in the foun- 
tain, and which is unscrewed and re- 
moved when the fountain is to be filled. 

In the reflecting apparatus of the 
Northern Lighthouses, tho focal position 
of the lamp is not, as we have already 
seen, liable to derangement, by the re- 
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moral of the Inirner for the pnrpoee of cleaning, as 
the slidisg-gear described at p. 95 ineurea the re- 
turn of the lamp to its true place. The burner is ori- 
ginally set by means of a gauge, which touches four 
points of the mirror's surface (one of them being its 
vertex, and the other three in the vertical plane of its 
greatest double ordinate). This gauge being provided 
with a short tube or collar properly placed for the pur- 
pose of receiving the burner, at uiicc verifies its true 
position, both vertical and horizontal. Tlu' iliagrams 
20 and 21 shew the nature of the apparatus for adjvist- 
ing the burners, the one being a plan and the other a 
section. The four points which touch the curve are one 
g at the vertex, two in the same horizontal plane with 



Fig. 20. 




Digitized by GoOgle 



104 CATOPTHIC SYSTEM OF LIGH»S. 

the foeua, and near the edge of the mirror at PP, and 
the fourth, also near the edge, and in the same Tertical 

Fig. ai. 
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plane irith the focus. P is the focus. The horizontal 
arms are graduated, and fitted with sliding pieces and 
clamping screws at E, ko as to aclTiiit of licing varied 
with the width of the mirror ; but each g^ugo applies 
only to curves of the same focal distance ; the distance 
F 17 htiiij; fixed. The gauge, when applied to the mir- 
ror, is properly secured hj the screws at R, R, and R' ; 
and the burner which is attached to the oil-tuhe in a 
temporary manner at A, is raised into the interior of 
the mirror. If the tube of the burner ascends into the 
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ciranlar tube at F until (when fixed by the checking 
haiulle already noticed at p. 95) its upper edge just 
tonchee a narrow projection inside the tube F (so placed 
that the rim of the burner should simply touch it when it 
is on the level required for putting the brightest part of 
the flame in the focus), then the burner is in the proper 
position ; but if. on the one liiinil, the axis of the burner 
stands beyond F, at some point between it and N (which 
lies in the plane of the mirror's edge), the bent tabe 0 
from the fountain must be shortened at A ; and if it rise 
too high, that tube must be bent down (and vici vfirsa). 
until, by successive trials, it shall exactly fit into the 
tube F, and stand at the proper level. A skilful work- 
man soon comes to guess those quantities very accu- 
rately ; and, almost at the first trial, curtails the tube 
to the proper length, and bends it to the suitable level. 
All that is needful ia, to proceed cautiously, so as not to 
cut the tube too short, for this leads to some trouble. 

The great advantage derived by seamen from the 
eatablishment of lights oa ft coast, soon makes the calls 
for additional lights so fiwqnent, that th^r very number 
itself prodneee a new evil, in the diffionlty of distin- 
guishing the lights from each other. As the object of 
a light is to make known to the benighted mariner the 
land he has made, with as much certainty as the sight 
of a hill or tower would shew him his position during 
the day, it beoomes an olgeot of the first importance to 
impress upon each light a distinctive character, which 
shall effectually prevent the possibility of its being mis- 
taken for any other. 

Catoptric lights are susceptible of nine separate dis- 
E 2 
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tinctiims wiucb are etHeiJiMd, rwohinff white, rembt- 
in^red and whiie, revoMng red mth tvto uMtea, re~ 
volnktg vihite with two reda, ficuihang, vaUtiBittmt, 
dtmble jiaed and donbU revobang wUte lightt. 

The first exhibits a steady and i)iiif«m appewance, 
whicli is not sabjeet to any ohange ; and the reflectors 
used for it (as already nc^eed) are of emailer dimen- 
sions than those employed in revolving lights. This is 
necessary, in order to permit them to be ranged round 
the circular frame, with their axes inclined at such an 
angle, aa shall enable them to illuminate every point of 
the horiaon. The revolving light is produced by the re- 
volution of a frame with three or four sides, having re- 
flectors of a larger size grouped on each side, with their 
axes parallel ; and as tihe revolution exhibits once in 
two minutes, or once in a minute, as may be required, 
a light gradually increasing to strength, and in the 
same gradual manner decreasing to total darkness, its 
appearance is extremely well marked. The succession 
of red and white lights is caused by the revolution of a 
frame whose dilferent sides present red and white lights ; 
and these, as already mentioned, afford three separate 
dlstinclionB, namely, alternate red asd white ; Che em- 
cession of two wlute lii^ts after one r«di and the BooeeB- 
sion of two red lif^ta e&sr one white li^. The fiath- 
ixg light is produced in the suae roaniwr as tlie revoSu- 
ing light ; bnt owing to a didbreitt oonstxwtion of the 
frame, the reflectors on eadi «ght aides are arranged 
wi^L their rims or faces in one Tertioal plwie, and thmr 
axes in a line inclined to the prapemdicul^, a ^^apoaition 
of the mirrors which, togetbw with the greater qnioloiesB 
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oi the i«TOlati(Hi, whieh ekewa a fluh once m fire Be- 
wmis of time, prodiu»B a very striking effect, totally 
different &om that of a revolving light, and preBeating 
the appearance of the flash alternately rising and sink- 
ing. The brightest and darkest periods being but mo- 
mentarj, this light is farther characterised by a rapid 
succession of bright flaehea, from which it geta its name. 
The intermittent light is dis tin puis bed by bursting sud- 
denly into view and continuing steady for n slmrt time, 
after which it is suddenly eclipsed for half a. minute. 
Its striking appearance is produced by the perpendicular 
motion of circular shades in front of the reflectors, by 
which the light is alternately hid and displayed. This 
distinction, as welt as that called the JIasMng Ught, ia 
peculiar to the Scotch coast, having been first introduced 
by the late engineer of the Northern Lighta Board. 
The double lights (which are seldom used except where 
tkere is a necessity for a leading line, as a guide for 
taking some channel or avoiding some danger) are ge- 
nerally exhibited from two towera, one of which is higher 
than the other. At the Calf of Man, a striking variety 
has been introduced into the character of leading lights, 
by substituting for two fiaied lighta, two lights which re- 
volve in ijie same periods, and exhibit their flaehea at 
the same inataat ; and these lii^ts are, of coarse, sus- 
eeplible of ttie oiiier variety ntomeraited above, that of 
two levojving TtA and white lights, or flashing li^ts, 
coming into view at equal intervals of time. The utility 
of all these distiiustionB is to be valued with reference 
to their property of at onee sbiking the eye of an ob- 
server and being iaBtantaseonely obvious to strangers. 
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The introdnctdon of oolonr, sa a source of distinction, 
is neeesaary, in order to obtain a sufficient number of 
distisctionB ; bnt it is in itself an evil of no small mag- 
nitude ; as the efibet is produced by interposing coloured 
media between the burner and the observer's eye, and 
much light is tiius lost b; the absorption of those rays, 
which are held back in order to cause the appearance 
which is desired. Trial has been made of varioug 
colours ; but red, blue, and green alone have been found 
useful, and the two latter only at distances so short as 
to render them altogetlier unfit for sea-lights. Owing 
to the depth of tint whicli is r(;qiiired to produce a 
marked effect, tht: red shades j^enernlly ustnl absorb from 
fths to Sths of the whole light, an ciiormijiis loss, and 
SHfEcient to discourage the adoption of tliat mode of dis- 
tinction in every situation where it can possibly be 
avoided. The red glass used in France absorbs only 
fths of the Eight ; but its colour produces, as might be 
expected, a much less marked diatinctiou to the seaman's 
eye. In the lighthouses of Scotland, a simple and con- 
venient arrangement exists for colouring the lights, 
which consists in using chimneys of red glass, instead of 
placing large discs in front of the reflectors. 

After what has been already said on the subject of 
divergence, it will at once be seen, that in revolving 
lights the reflectors are placed with their axes parallel 
-to each other, -so as to concentrate their power in one 
direction ; whilst in fixed lights it is necessary, in 
order to approach as near as possible to an equal 
distribution of the li^t over the horizon, to place 
the reflectors, witb their axes inclined to each other. 
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at an angle somewhat less than that of the diver- 
gence of the reflected cone. For this purpose, » brass 
gauge (see fig. 22), composed of tvo long arms, AM, AM, 

Kg. 22. 



o 




/ 

/ \ 




somewhat in the form of a pair of common dividers, 
connected by means of a graduated limb A, is employed. 
The aims having been first placed at the angle, which 
IS supplemental to that of the inclination of the axes of 
the two ai^acent mirrors at 0, are made to span the 
face of the reflectors, one of which ia moved about till 
its edges are in close contact with the flat siirfitce of on& 
of the arms of the gauge. 

Figs. 2S and 24 shew an elevation and plan of a re- 
volving apparatus on the catoptric principle. In these 
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figures, n n shews the reflector flame or chandelier ; o o, 
the reflectors with their oil-fountains pp. The whole 



Fig. 23. 




T 

•\ 

la attached to the reyolving axis or shaft q. The copper 
tuhes r r convey the smoke from the lamps ; a a are cross 
bars which support the shaft a,ttt ; mm is a copper pan for 
receiving any moisture which may accidentally enter at 
the central ventilator in the roof of the lightroom ; I is 
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Pig. 24. 




a cast-iron bracket, supporting the cnp in which the 
pivot of the shaft turns ; mm are bevelled wheels, which 
eoanj modon from tbe machine to the aikaR. The ma- 
chinery does not reqiure any partienlar notice, being that 
of common clockwork, moved by the desoent of a weight. 
Fig. 25 shews a plan of one tier of reflectors arruiged 



Pig. S6. 
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in the manner employed in a fixed catoptric lig^t ; n n 
shews the chandelier, q the fixed ahaft in the centre, 
which supports the whole, o o the reflectors, and pp the 
fountains of their lamps. In this figure (ya order to 
prevent confusion) only one tier of refiectors is shewn : 
the other tiers are so arranged, that their axes divide 
into equal angles the arcs intercepted between the axes 
of the adjoining reflectors on the first tier, thereby pro- 
ducing the nearest approach to an equal ilistribufioii of 
the light, wliieli is attainable by tlii.s iirrdiigement. 

In lighthouses of moderate height, the proper position 
for the reflector it?clf is porfect hurizontality of its 
axis, which may be asi^ertainod with sufficient accuracy, 
by trying with a plummet, whether the lips of the in- 
strument, which we may conclude to he at right angles 
to the plane of its axis, be truly vertical. In light- 
rooms very much elevated above the sea, however, the 
dip of the horizon becomes notable ; and a slight incli- 
nation forwards should be given to the face of the re- 
flectors, so that their axes produced may be tangents to 
the earth at the visible horizon of the lightroom ; an ar- 
rangement which, in practice, may be easily made by 
reflecting the eea horizon, in a small mirror placed at the 
focns, and inclined at 45° to the axis of the paraboloid, 
so that the image of the sea-line may reach the eye in 
the line of the parameter, in the same manner, aa is after- 
wards noticed, in speaking of the inclination of the onrved 
mirrors used in addition to the refractors in certain diop- 
tric fixed lights. This dip of the reflector, however, 
must not bo permitted to interfere with the perfect hori- 
aontality of the top of the burner, which is indispensable 
to its proper burning. 
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Various forms of tlio paraljolic mirror were invented 
by M. Bordier M.aroot. tlm pupil and successor of Ar- 
gand, who has laboured witli much enthusiasm in per- 
fecting catoptric instruments, more especially with a 
view to their application in the illumination of light- 
houses and the streets of towns. Amongst many other 
ingenious combinations, he has invented and constructed 
an apparatus which is much used in harbour-lights on 
the French coast, where it is known by the fanciful name 
of Fanal* ndSral. The object is to fulfi], as economi- 
cally as possible, the condition required in a fixed light, 
of illuminating, with perfect ei[uality, every part of the 
horizon, by means of a single burner ; and M. Bordier 
Marcet has, in his workshop at Paris, an instrument of 
-this kind, ei^t feet in diameter, irhich he conatmoted 
OD speculation. The apparatos used in harbour-lights, 
on the French coast, is of muoh smaller dimensions, and 
does not exceed fifteen inches in diameter. A perfect 
ides of the constrootion and efieot of this instrument 
may be formed, by conceiving a parabola to revolve ' 
aboot its parameter aa a vertical a^cis, so that its upper 
and lower limbs would become the generating lines of 
two surfaces possessing the property of reflecting, in 
lines parallel to the axis of the parabola, all the rays 
incident upon them, from a light placed in the point 
-where the parameter and axis of the generating para- 
bola intersect each other. This point being the focus 
of each parabolic section of this apparatus, light is 
«qnally dispersed in every point of the horixon, when 

* Fuftl, tma ^m, % lantern. 
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Hie axia of the parabolic section Ib in a plane perpendi- 
onlar to a vertical line. But however perfectly this ap- 
paratuB ma; attain its iraportant object, it necessarily 
prodnoes a feeble effect ; because, as its action is en- 
tirely confined to tte vertical direction, the light distri- 
buted by it decreases direcily as the distance of the ob- 
server. This beautiful little instrument is shewn at 
fig. 26, in which b shews the burner, pp the upper re- 
flecting Biurface, and the lower leflecting Bni&ee, both 
generated in the manner above described by die revolu- 




tion of a puabola about its parameter joi; F ib the 
focus of tlie geoeratii^ parabola ; and 11 axe maXL pil- 
lars wluch eonueot tJte two refleeting plates, awl give 
strength to &e iq^aratne. 

M. Bordier Mareet has fTvuared an ingenious 
modifieation the parsbolitfdal nurror, which he has 
described under tito name of fanal k double effet ; and 
the object of which ia to obtain a convenient degree of 
divergence from parabolic mirrors, by the use of two 
flames and two reflecting surfaces, each of which ia 
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acted upon by its own Same, and also by that of the 
other. This modification consists in the union of two 
portions of hollow paraboloidal mirrors, generated by 
the revolution of two parabolas about a common hori- 
zontal axis, and illuminated by two lamps placed in the 
focus of each. The first surface ia generated by the re- 
volution on its axis of a segment of a paraboloid inter- 
cepted between the parameter and some double ordinate 
greater than it, and may, from its form, be called the 
ribbon-shaped mirror. The second surface is that of a 
parabolic conoid, which ia cut ofi' by a vertical plane 
passing through a double ordinate, which ia equal to the 
parameter of the parabolic ribbon, which ia placed in 
front of it. The elements of the curve which forms the 
cono'idal mirror, must be so chosen aa to have its focna 
at a convenient distance in front of that of the ribbou- 
,Bhap«d BiiiTor, so w to admit of placing the two lamps 
.B^tarate frcna eaeli othert as mil aa to produce the ne- 
eesaary iagne <)t diTea^nee, ^ieh is to be obtained by 
ibfO action of these mimiTB respectirely on tlie flame 
l^aced ia the foons of the other. These two mirrors are 
joined together in the line of the parametric section of 
the ribbon, which coincides with the lips of the conoid 
at some double ordinat^s behind its parameter. Ea*^ 
mirror produces, by means of the lamp placed in ita 
foeuSf an approach to parallelism of the reflected rays, 
which the designer has not inaptly termed the princi- 
pal efect; whilst the action of each surface on tbe 
Jamp which is placed in the focus of the other, causes 
what the inventor calls the secondary or lateral efect. 
Their secondary aotion may be described thus : The 
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lamp, which is in the focua of the rihhon, is much nearer 
the vertex of the conoid than ita own focus ; so that its 
rays making, with normals to the surface of the conoid, 
angles greater than those which are formed by the rays 
proceeding from its focus, are of necessity reflected in 
lines diverging from the axis of the mirror. Those, on 
the contrary, which proceed from the focu.^ of the conoid, 
meet the ribhon-shaped surface, so as to make angles 
(vith ita normals more acute than those which the rays 
from its own focus could do, and which are, therefore, 
reflected in lines converging to the axis of the mirror. 
Those reflected rays must therefore cut the axis, and di- 
verge from it on the other side. This apparatus has been 
used at La I^Te, neax Le Havre, and some other lights 
on the French coast ; bnt it is impossihle not to peroeire 
the great loss of light which resnlts from the nse of two 
flames in one mirror ; and it most not be forgotten, that 
the diTergesce which is obtfuned by means of it is not 
confined to the horizontal direotion in which only it 
is wanted; Imt that the light is at the same time 
scattered in every direction round the edge of the 
mirror. 

Arrangements of a similar kind were proposed and 
executed for the same purpose of nnildng greater diver- 
gence with considerable power in the central parts of 
the resultant beam, by Argand himaelf, in 1806, and 
also in 1808, by M. Haudry, Ingenieur dea Ponta et 
Ckausgees. Argand proposed tho union of a paraboloid 
and an ellipsoid, having their foci coincident in one 
point, which, being tho posterior focus of the latter 
curve, was illuminated by the raya reflected to it by 
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means of tlie ellipsoidal surface from ihe lamp placed 
in tlie anterior focus. From the optical focas thus ob- 
tained, some rajs would full on the parabolo'fdal amface 
and prOduoe, by reflection, a cylinder of parallel rays, 
while the rest would diverge from the axis, and form a 
zone of spreading rays. M. Handry's plan consisted of 
a combination of a conical with a paraholoidal mirror so 
placed, that the rays from the front part of the hollow 
cone might be nearly parallel to those sent out by the 
paraboloid ; while the rays from its base, diverging 
from the axis, might produce a ring of divergent rays, 
similar to that obtained from the ellipsoid of Argand's 
apparatus. It would occupy much time to exhibit all 
the disadvantages of the arrangements in the fatial 
A double effet, and also in those of Argand and Haudry ; 
and I shall therefore dismiss the subject by observ- 
ing that the loss of light due to the position of the 
flame in the apparatus of Argand, is so great as to in- 
duce one to wonder that such combinations should ever 
have been attempted. There can be no doubt, that the 
most effioient mode of obtaining due dlTergence from 
mirrors is, to adopt the paraboMd, with a short focal 
distance, which has the double advantage of increa^ng 
the divergence which is due inversely to the focal dis- 
tance, and, at the same time, subjecting to the action of 
the mirror a larger portion of the luminous sphere pro- 
ceeding from the flame. This, however, as already no- 
ticed, may be pushed too far. 

Lastly, I shall notice M. Bordier Marcet's fanal d 
double faee, which consists of two parabololdal mirrors, 
truncated in the vertical plane of the parameter, and 
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united together back to back, so as to be illuminated by 
the same lamp placed in their common focus. To save 
the light which would otherwise escape the catoptric 
ajition, he adds a parabolic conoid of greater focal dis- 
tance and BO placed, that while its focus may coincide 
with the common focus of the other mirrors, its size 
may be bo reatricted, that it shall not interfere with 
the eflFect of the truncated mirror opposite which it is 
situate. The obvious consequence of such an arrange- 
ment is, that the rays (see fig. 27) produced from a lamp 
in the common focus of the three mirrors, will produce 
in opposite directions a luminous ring from each of the 
truncated mirrors AC, BC, and A'C, B'C, while the 




central or conoidal mirror MN wiU fill the interior of 
one of those luminous rings with a cone of rays, whose 
intensity will be in the inverse ratio of MN* to a 6" (or 
FM' to F a'), which latter surface represents the whole 
amount of naturally divergent rays, which strike on a b, 
and which arc spread over MN. Two sets of reflectors 
of this form facing in opposite directions (each set ar- 
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ruigfld in one pluie, and fixed on a frame which could 
be made to revolve round a Tertical axis), would thus pre- 
sent their brightest effect after considerable intervals of 
darkness; but. by arranging them with their axes slightly 
inclined, they were made to prolong the light periods 
and curtail the dark ones. M. Bordier Marcet speaks 
of this apparatus with all the satisfaction generally felt 
by inventors : but it is no difficult matter to identify 
its economic effect with that of the common paraboloidal 
mirrora. It is obvious, that all the rays which fall from 
a true focal point on the three reflectors AC, BC, A'C, 
B'C, and MN, are merely those which would fall on a 
single reflector, whose double ordinate and the portion 
of the abscissa between that ordinate and the focus, are 
equal to those of the first reflector of the compound sys- 
tem, so that the quantity of light reflected by the three 
reflectors is neither more nor less than that which would 
be projected by one. All the difference that can exist 
iB, that in the case of a flame which has a notable size, 
the surface MN being farther distant than a b, would 
prodnoe leas aberration and, oonsequently, a very Blight 
increase of intensity in the small portion of the reflected 
beam of parallel rays dne to that part of the compound 
miiroTr We cannot, therefore, sensibly err in rejecting 
any advantage to be derived fttm this arrangement as 
insignificant* 

Spherical mirrors have been employed in lighUiouses 
chiefly when they can be introdnced to aid the effect of 
refracting apparatus ; and it will not be neoesBaiy to 

* See P«olet'B Tniti An I'Ed^Mge, p. 303, iiom whiiih f g, S7 
is oopied. 
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B&y mach of them in this place. I muat, however, no- 
tice an ingenions propos&l of Mr W. H. Barlow,* who 
Buggests placing, in front of the flame, a small spherical 
reflector, whose centre is coincident with the foons of a 
paraboloid and whose snhtense is iJie parameter of the 
freneratmg curve. The small mirror, being somewhat 
less than a hemisphere, would cause the light falling 
upon it to be returned through the focus so as to reach 
the paraboloidal surface, and to be finally reflected from 
that portion of it which is embraced between the limits 
of its extreme divergence. If there were no loss of 
light at the surface of the small mirror, its effect would 
be to increase the power of the beam of parallel rays by 
an amount equal to the sum of the rays incident on the 
spherical surface, but at the same time to diminish it 
by intercepting a small portion of the light reflected from 
the paraboloid, equal to a eircle whose diameter is the 
chord of the spherical segment itself. I am not aware 
that such a combination has been tried, as it applies 
most advantageously to reflectors whose span does not 
exceed the parameter of the generating curve, a form 
rarely adopted in lighthouses ; but it might also be 
adapted to reflectors which intercept a larger portion of 
light, by employing a still smaller segment of the 
sphere. The cone of rays proceeding from tiie small 
sphere would also of necessity have great aberration. 

Captain Smith, of the Madras Ei^ineers, has de- 
scribed, in the " Professional Papers of the ' Corps of 

* Id an excellent pqier, »bove notieed, on the ninminatioii of 
Liglitbou8e>, in tbe London Traueac^s, for 1837. 
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Engineers,'* a new system of fixed lights," which con- 
sists in placing a flat wick in the focus of one-half of a 
hollow parabolic sjpindle generated hj the rotation of a 
parabola about its parainot«r as a vertical axis. The 
action of tlie instrument is obrious, for each vertical 
section being parabolic, effects a, change only in the ver- 
tical divergence of the rays incident on it from the focus, 
and suffers their horizontal direction to remain unal- 
tered ; thus each vertical plate of reflected rays passes 
through the parameter of the curve and illuminates the 
opposite point of the horizon, by means of a narrow 
strip or line of light. Two hollow spindles of that 
form, each lighting 180° and facing opposite azimuths, 
would, therefore, he sufficient to illuminate, in a very 
leeble manner, the whole horizon of a lighthouse. The 
author of the paper, however, appears, to contemplate 
the employment of a series of those mirrors ranged 
one ahoTO another and hreaJanff joint vertically, some- 
what in the maimer already described in speaking of 
the arrangement of Vke paxabololdal mirrors used in 
fixed lights. Tb.o advantages of this mode of illumi- 
nation are much overrated by Captain Smith, who 
seems to magnify beyond its real proportion the risk 
attending fjie use, in the dioptric apparatus, of a single 
lamp, whose sudden extinction would deprive at onoe 
the whole horizon of the benefit of the light ; while, 
on the contrary, he reckons the security obtained by 
his arrangement as an advantage of the highest value. 

• v., p. M. 

I" 
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In oertun situations, vbete no r^olar esteblishmffliti 
<^ tnuned ligbt-ke^rs is mainttdned, thai secority 
may be an ol^eot of mm importance, and ma; war- 
rant a greater sacrifiee, Qaia is necessarj in Great 
&itain ; bat I bave no beaitation in saying, that I knoT 
of no situation in which the plan proposed by Captain 
8mith could bear comparison with the mode of illumi- 
nation for fixed lights by means of the catadioptric in- 
struments of Fresncl. 

A brief notice of the manufacture of lighthouse re- 
flectors will conclude the first part of this Treatise. 
The reflector-plate consists of virgin silver and the 
purest copper (from the ingot), in the proportion of 6 oz. 
of silver to 16 oz. of copper. The two metals are in 
pieces, forming a flat parallelopiped of about nine inches 
of surface. Bejng first thoroughly scraped and cleared 
from rust with a file, they are tied together with wire 
and placed in the furna(;e, where they are united by 
means of a flux composed of burnt borax and nitre, 
mixed to the consistence of cream. Their thiokness 
is snfficient to admit of their being repeatedly paased 
trough &e roUing-mill, so as at last to oome out a 
pbite twmty-eigbt inches sqnare. Every time it is 
passed throng the rollers, the plate is annealed in the 
famace bef<»e being again pressed. It is then out into 
a oircnlar dise ready for working. Great care should 
be taken to k^p the metal perfectly clean during the 
whole procesBOB of hammering and polishing. The first 
step towuds forming the plate to the curve, is to 
rwae the back or oapfet side to a slight convexity by 
beating (with tiic boxwood mallet, fig. 28, rounded at 
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each end, c and d) its inner or silver _ ^e- 28. 
side upon a large bloct of beechwood, , 
of a form slightly concave. This beat- ( 
ing is begun at the edge of the plate, 
and graduallyreaches the centre. After 
the diac has been raised to the proper 
height on the wooden block, the next 
step is to take it to the horse (fig, 32, 
page 125,) where it is beat«n with the wooden mallet 
(fig. 29), its concave face being in contact with the bright 
steel-head a (fig. 32), until it has nearly reached the pro- 
per keight for the reflector, for which the workman hu 
a gauge or mould to guide him ; in this course of raia- 
ing, as it is called, the peened face bab (fig. 29) is fifst 
used, and then recourse is had to the opposite or flat f*ee 
for smoothing it after being raised. In this last cowse 
of rusing, as well as in the process of smoothing tho te- 
flector tSl over, the workman bestrides the horse ; and 
when in this attatuc^ ft boy assists him in manraaTring 
Uie reflector. 
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Daring the process of rusiiig with the peened side of 
ilie mallot, an external mould FGHF 30), vitli a 
needle-point P at ite vertex, to indicate its proper positioD 
with r^erence to the mould, is frequently applied ; and 
allowance is made on the height and diameter of the 
reflector to meet the expansion of the metal during the 
fiord hammering which is to follow. After eact course 
of the raising with the wooden mallets, the reflector 
must he annealed in the following manner;— The re- 
flector is first damped with ulean water, and its surface 
dusted over with a powder, composed of one pint of pow- 
dered charcoal to one outline id' ;?altpetre, wliich is ap- 
plied by means of a tliin flannel hag. The roflentor is 
then put on a clear charcoal fire, where it is turned 
round as the powder flies off, an effect which indicates 
that the metal ia duly heated. Over-heating is very in- 
juriouB- When removed from the flre, the reflector is 
plunged into a large tuh, containing what is called the 
pickle, which ia a solution of one quart of vitriol in fire 
or six gallons of water. After this it is washed with 
dean water, and scoured with Calais Band. 

The next step is to put the reflector, thus raised near- 
ly to ii» true form, into an iron stool, where a small 
liole being drilled in its vertex, a circle is descrihed 
from this point with a beam-compass, so as to cut tiie 
paraboloid to the proper size. 

The reflector is next hard hammered all over (or 
plmaehed, ae it is teohnicall; temed) on the bright 
steel-head a (fig. 32), with the planishing hammer (fig. 
31) ; and to facilitate working, the reflector is slung in 
a flexible £rame SS, and counterbalanced by a weight 
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Fig, 31. Fig. 33. 

C3 ^ 




w, hanging by a cord over the pulleys When the 
reflector is all planished over, the next procesa is the 
smoothing, which is done on the steel-head a, with a 
lighter hammer (fig. 33), muffled witli fine parchment 
at each end. After it is smoothed comes the finish- 
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vitg, at what is called the filUoff tip to mould. 
This ia a tediona prooesa; and the workman requires ctm- 
tinoally to hare recourse to the marble table at M, on 
irhich he lays the reflector, as ehevn in fig. 34, and 



Pig. 34. 




applies to succesaivc portions of its aurfafie the mould 
/; n, which has a needle-point centred at n, in the small 
hole drilled in the vertex. During this esaminatton, 
he marka with a fine elate-pencii those portions of the 
reflector which do not meet the mould g n. The parts, 
BO marked, are gently gone over with the muffled ham- 
mer, until every point tonchee the mould. This last 
process requires great cantion ; for, if any part of the 
surface be raised above the gauge, it is hu^y possible 
to remedy it. Snob a mistabe, indeed, can only be cor- 
rected by annealing the reflector afresh, and brining it 
back to the true form with the mallet; but reflectora bo 
aoibled are never good. The table M (fig. 34) rests on a 
square box C, in wiiich the tools and moulds are kept. 
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When tiins finished from the hunner, the reflector is 
put into the apparatna shewn in fig. 35, which is jJaced 
at the end of a long dark corridor. RR is a wooden 



Fig. 36. 




frame fixed to the wall with projecting brackets at K, 
which snpport the reflector fixed at E, E, by means nf 
screws, so as alwajs to have a definite position with re- 
ference to the bracket B, which carries the lamp and its 
fountain /, SO arranged that its Bame may admit of per- 
fect adjustment to the point which ought to be the focns 
of the refleotor. This adjustment is partly efibcted by 
the screws S, which serve to nuse and depress the level 
of the burner ; and the lines or marlcs, M, lU^ shewn at 
the sockets J being brought m6> fine, regulate the pon- 
(ton of the bamer in the horizontal plane ofthefocuB, 
after it has been r^aed to the level of that ^ane by 
meaoB of the screws at 8. The lamp being li|^ted and 
thtu properly placed, its eflbot on the reflector's snr- 
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lace ia observed hj some one stationed at a oonvenient 
distance ; and if the whole anrfaoe appear Ituninons tike 
instmment is ccmsidered fit for polishing ; but if any 
dark spaoes be found in it, tbe whole reflector must be 
again oar^oll; tested b; means of the monld, and the 
defective parts remedied in the manner above described. 

The next step is to turn over the edge of the reflector, 
so as to sti^n it. For this purpose it ia placed in the 
matrix F P (fig. 36), and the needle-point at V is ad- 
justed by the screw at D, so as just to enter the small 
hole formerly drilled in the vertex of the reflectw. The 
die-plate P P (worked by means of the arms A A, which 
turn the screw S) then descenda and preases the edge 
over, which ia finished with a finely poliahed tool C, re- 
volving round tlie axis nf the inatrument, which, of 
course, coincides with the centre of the matrix and 
die. In order to ensure a steady vertical movement 
of the die-plate P P, crosa-arms F F, provided with 
sockets H H, which alidc o\er the rods G G, G G, are 
added to prevent any lateral ahake or derangement. 
The whole frame is stiffened by the cross-bead in which 
the screw S works. 

The reflector is then placed on the circular cast-iron 
table (figs. 37, 38), to which it is attached by the clamp- 
screws S, S. In this position, the Vizzle W (fig. 37) 
and back-belt NAN (fig. 38), arc soldered on. After 
ftis the reflector is ready for being finally polished ; for 
which purpose, it is placed in a chaise percSe, padded 
Foand the edges, and is first scoured all over with a piece 
of pure- charcoal of hard wood (genen^y of pear-kee), 
and next irith a mixture of Floreme oil and finely 
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superfine cloth. It ia thea carefnlly oleansed with' a 
piece of fine fiannel dipped in Florence oil, and after- 
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Kg. ST. 




wards dusted over with the powder of well-washed 

whiting, and wiped out with a soft cotton oloth. Jjastly, 
it 18 carefully rubbed by the naked hand, with finely 
washed rouge and cleaiwwater, and wiped with a smooth 
chamois skin. In all the polishing and cleansing pro- 
cesses, some skill in manipulation is required, as the 
hand is generally moved in saoh a manner as to de- 
scribe successive circles with their planes parallel to 
the lips of the reflector, and their cen^B in the axis of 
the generating curve. 
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Tlie prices paid to the workmen for tlie Tftrions de- 
partments of the reflector-making are generally aa fol- 
lows : — 



Rai»iDg the plst« to the ourre, with the wooden 

mallet, £0 10 0 

HanuneiiDg and amoothing to the mould, , .ISO 

Finishing in the die, and putliiig on biiile and 

back belt, 0 e 0 

Polishing 0 12 0 



£2 13 0 

The prices paid to the manufacturer were, for the 
large reflectors of 24 inches aperture, £43 ; for the small 
ones of 21 inches, £31, 12g. The lamp with the sliding- 
earriage, required for each, coats £6. 
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TREATISE ON LIGHTHOUSES. 



DIOPTRIC* SYSTEM OF LIGHTS. 

One of the earliest notices of tlie application of lenaes 
to lighthouses is in Smeaton's Narrative of the Eddy- 
stone Lighthouse, where it is mentioned that a London 
optician, in 1759, proposed grinding the glass of the 
lantern to a radius of seven feet six inches. The de- 
scription ia too vague to admit of any conjecture as to 
the proposed arrangement of the apparatus ; but if the 
lenticular form had heen adopted, the fixed light would 
have been iovisihle over the greater part of the horiBon. 
About the middle of the last century, however, lenses 
were actoally tried in several lighthouses in the south of 
England, and in particular at the South Foreland in the 
yeur 1752 ; but their imperfect figure and the quantity 
of ligiit abewbed hj the glass, which was of impure qua- 
lity and of considerable thiokness, rendered their effiact 
BO much inferior to that of the parabololdal reflectors 
then in use, that after tryiiig some strange combinations 
of lenses and reflectors, the former were finally aban- 

* Most probably diieotl; derived from the Greek itirrftr, 
an optinal uutnunent with holes for looking thiongfa, whow name 
is a oompovnd of SA, thnragh, and Smfi^, I «m. 
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2 DIOPTKIC SYSTEM OF LIGHTS. 

doned. Lenses were also tried at the lights of Fort- 
land, Hill of Howth, and "Waterford, hy Mr Thomas 
Rogers, a glass mannfaotnrer in London; who pos- 
seBaed, it is said, the art of hloiring mirrors of glass, 
" and by a new method, silvered over the convex side 
without quicksilver."* 

I'he object to be attained by the use of lenses in a 
lighthouse is, of course, identical with that which is 
answered by employing reflectors ; and both instruments 
effect the same end by different means, collecting the 
rays which diverge from a point called the fomn, and 
projecting tlicm fiirwarrl in a beam, whose axit; fm'ncidea 
witb the produced axis i>t' the instrument, \\ e have 
already seen that, in the case of reflection, this result is 
produced hy the light being Oirown back from a sur- 
face so formed as to cause all the raya to proceed m one 
and the same required direction. In the case ot refrac- 
Hon, on the other hand, the rays pass through the re- 
fracting medium, and are lent or refracted from their 
natural course into that which is desired. 

The celebrated Buffon, in order to prevent the great 
absorption of light by the thickness of the material, which 
would necesBarily reanlt from giving to a lens of great 
dimensions a figure continnonsly spherical, proposed to 
grind, oat of a solid piece of glass, a lens in steps or con- 
centric zones. This suggestion of Boffon abont the oon- 
stroction of large homing glasses, was first executed, 
with tolerable success, abont the year 1780, by the Abb^ 
Rochon ; hut such are the diffioultiea attending the pro- 

* IIukhinBon's Practical Seamwiship, p. 200, See also tbe _ 
Dotice of the spherical mimm made by Uewra FiaD^Du and 
LetonntMn of Psiu, in a nibaeqnent part of this TcQame. 
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cess of working a solid piocc of glafs into tte necessary 
form, tiat it is believed the only other instrument ever 
constructed in this manner, is that which was made for 
the CommissionerB of Korthern Lighthouses by Messrs 
Oookson of Newcastle-upon-Tyne, who imagined that 
they would thus avoid much risk and uncertainty in unit- 
ing the separate zones so as to form a compound lens. 

The merit of having first suggested the building of 
lenses in separate pieces, seems Jio be doe to Cond(»Met, 
irho, in his Eloge de Bufon, published so far back as 
1773, enumerates the advantages to be derived from this 
method.* Sir Dand Brevster also descrilied tiiifl mode 
of building Ibises jn 1811, in the EdivXna^h Eacyclo- 
peedia, ; and in 1822, tite late eminent fVesnel, unac- 
quainted with the snggestions of Condoroet or the de- 
scription by Sir David Brewster, expliuned, with many 
ingenious and interesting detiuls, the same mode of con- 
structing those instnunents which he had discovered 
for himself in 1819. To Presnel belongs the additional 
merit of biiving first fiillowed up his invention, by the 
consti-uclioii of a lens, and, in conjunction with MM. 
Arago and Mathieu, of xilacing a powerful lamp in its 
focus, and indeed of finally applying it to tlic practical 
purposes of a lighthouse ; nor nil! I omit to record, to 
his honour, that, iri his original Menioire, he frankly 

• On pourrait ni^me composer de plndeon pieea eei loupes 
^ ^rheloiiB ; on y gagnerait plus de facility dana U construction, 
una grande diminution de dripense, I'avantage de pouvoir leur 
donncr plus d'Stendue, et celui d'employer, euivant le b(:soin, un 
nombre de cereles plus ou moins grand, et d'obtenir ainsi d'un 
m£me iiutraiaent diff^renta d^gr^ de force. — Eloge de Ba^'on, 
p. 3S ; (RivTU de Otnionet, tMn. iv., Fsris 1801. 
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4 DIOPTRIC SYSTEM OF LIGHTS. 

notices the discoveries hy which his predecessors had iii 
part anticipated the system of illumination which now 
justly bears his same. 

The great advantages which attend the mode of con- 
struction proposed by Condorcet are, — the ease of execu- 
tion, by which a more perfect figure may be given to 
each zone and spherical aberration in a great measure 
corrected, and the power of formiog a lens of larger 
dimensions than could easily be made from a solid piece. 
Both Buffon and Condorcet, however, chiefiy speak of 
redudng the thickness of the material, and do not seem 
to have thought of determining the radius and centre of 
the curvature of the generating arcs of eacb ssone, hav- 
ing contented themselvea with simply depressing the 
spherical surface in separate portions. Fresnel, on the 
other hand, determined the position of those centres, 
which continually recede from the vertex t£ the tens in 
proportion as the lones to whioh they refer are re- 
moved from its centre ; and the snr&ces of the zones 
consequently, are not, as in Buffim'B lens, parts of 
concentric spheres. It deserves notice, that the first 
lenses oonstmcted f(a Fresnel by M. Soleil had their 
zones polygonal, so that the surfaces were not an- 
nular, a form which Fresnel considered less accommo- 
dated to the ordiuary resources of the optician. He 
also, with his habitual pciictratitin. preferred the plano- 
convex to the d(iLi1ik'-co(n't'x form, as more casi); exe- 
cuted.* After mature ciii-idcration, he finallj adopted 

* The plano-ijLim-i'ji kiis, with It- cun-cd dide luwitrds tlie |jiir- 
oUel rayg, is, moreover, a form produi^in^ Email epliericul aberra- 
tion, a ciioiimitflnoe which vay alw have influeniwd hii okoioe. 
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crown glasB, wliicli, notvi&standing its greenisli colour, 
lie preferred to flint glaaa, ae being more free &oin g^ice. 
AU his caloolationg were made in reference to an index 
of refraction of whicli he had verified by repeated 
ezperimentB, conducted with that patience and accuracy 
for which, amidst his higher qualities, he was so remark- 
ably distinguished.* The instruments have received the 
name of annular lenses, from the figure of the anrface 
of the zones. 

To the Dutch belongs the honour of iiiiving first fol- 
lowed the French in introducing the systera of Fresnel 
into tiieir ligLthousep, The Commissioner? of the 
Northern Lighthouses ne>:t followed in tho train of im- 
provement ; and in 1824, in consequence of a suggestion 
conveyed to their engineer, Mr Robert kSte\ onpon, in a, 
letter from his friend, General Colby, K.K, they sent 
him to visit France, and to report upon the lights of that 
country, which he did, on the 31st December 1824, and 
by order of the Board also imported lenses from France, 
for the purpose of experiments. After many trials, he, 
in a report dated 30th December 1825, recommended 
the adoption of lenses in the new light of Bnchanness, 
a proposal which, in oonsideration of certain peculiari- 
ties in the distinguishing characteristics of that light, 
was not acted on. Although many esperiments were 
made with the lenses during the winter of every succeed- 

• My friemi, Mr William Swan, earefully exammod, by his new 
and iDgeniauB method, described in the Edinburgh New Fhiloao- 
phioaL Jonnul, Jannary 1811, several specimens of tbe St Gobain 
glB9* (whioh ii now used in the mannfBotiire ot Uie lenses], and 
found 'tia lefisBtiTe index to be 1-51793, the differtnee between 
the gTBBtest and least values being only O'OOIOd. 
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ing year, it was not nntal the Bpring of 1834 (hat the 
CoDimiasiouers took deoiuve steps for deciding the qnes- 
tion as to the compuKtive merits of the catoptric and 
dioptric syatem, 1:^ sending me, in the spring of 1834, 
on a miHsioii to Paris, with full power to take such 
steps for acquiring a perfect knowledge of the dioptric 
ajBtem, and forming an opinion on its merits, aa I 
should find necessary. The singular liberality with 
which I was received by M, Lienor Fresnel, brother of 
the late illustrious inventor of the system, and his suc- 
cessor as the Secretary of the Lighthouse Commission of 
France, afforded me the means of making such a report 
on my return, as induced the Commissioners to authorise 
me to remove the reflecting apparatus of the revolving 
light at Inchkeith, and suhstitute dioptric instruments 
in its place. This change was completed, and the light 
exhibited on the evening of Ist October 1835 ; and so 
great was the oatisfaotion which the change produced, 
that the OommiBBioners immediately instructed me to 
make a similftr chftnge ibt the fixed light of the Isle of 
May, where the new light was ezhihited on the 22d Sep- 
tember 1836. The Trinity-HoQse of Deptford Strond 
followed necst in adop^g the improred syatem, and em- 
ployed me to superintend ^e cons^ction of a rerolv- 
ing dioptrio light of the first order, which was after- 
wurds erected at t3ie Start Point in Deronahire. Other 
countries, from Gibraltar to the White Sea, and as far 
east as the Levant, soon began to shew symptoms of 
interest in this important change ; and America, it ia 
believed, is likely soon to adopt active measures for the 
improvement of her lighthouses. Freanel, who is sl- 
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TeaAj classed with tli« greatest of tkose inventors 
who extend the boundariea of human tnowledge, will 

thus, at the sa.mc. time, receive a place amongst those 
benefactors of the speidc^ who liavc consecrated their 
genius to the common good of mankind ; and, whereyer 
maritime intercourse prevails, the solid advantages which 
his labours hare procured, will he £elt twd acknow- 
ledged,* 

A ray of light, in passing ohliqiif.h/ from one trans- 
parent body into another of different density, experiences 
at the point of the intersection of the common surface 
of the two planes, a sudden change of direction, to which 
the name of refraction has naturally been given, in con- 
nection with the most familiar instance of the phenome- 
non, which is exhibited by a straight ruler with one- 
half plunged into a basin of water, while the other re- 
maine in the air. The rulerno longer appears straight, 
but seems to be hmt back or broken at the point where 
it enters the water. It may not be out of place to call 



• In justice to General Colliy I mint Tiotl™ a stafeviK'nt hj ilr 
Alemnder Gordon, in bis evidence before tbe Ligbthouee Com- 
mittee in 1845, to the effect that, " in the yaa 1833 or 1884, 
he was SiB meuiB of introdmnng to the Tiinitj-HoDw Bud tiie 
Northern Lighti ComnUsaioneiB, the lentieiiUted ayaiein of 
Fresnel.^' This stafeineQt (in so far as concerns the Northern 
Lights Board, which first adopted tbe sjstem of Frosnel) is incor- 
rect; and tlie oiilj commnnication from that gentleman (which 
contained a proposal to exhibit a email harbour-ligbt apparatos) 
was in Sept. 1834, ten jeexa afler Mr Robert Steven eon had 
iiqxffted the lensea from FaiiB, and three roontha afiar I had 
ordered, daring laj visit to Paris, s catadioptrie apparatna of the 
aame Und for the Commissiraieis of the Northern Lighthouses. 
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ftttenUcm to tiia laws which regulate the chaage of direc- 
tion in the incident light produced by refraction, which 
are three in number. 

1. Incidence and refraction, in uncrystallised media 
of homogeneous structure sucli as glass, always occur in 
a plane perpendicular to that of the refracting surface. 

2. In the same substances, tlie angle formed ivith the 
perpendicular by the ray at its entering the surface of 
the second medium, has to the angle which it makes with 
the normal after it has entered tlie surface, such a rela- 
tion, that their sines have a fixed ratio, which is called 
the refractive index. When a ray falls normally on 
the surface of any substance, it suffers no refraction. 

3. The effect of passing from a rare to a dense me- 
dium, as from air into water or glass, is to make the 
angle of refraction less than the angle of incidence ; 
and those angles are measured with reference to a 
normal to the plane which separates the media at the 
point of incidence. The converse phenomenon, of conrae, 
takes place in the passage from a dense to a rare me- 
dium, in wMoh case the angle of ineadence ie less than 
the angle of refractaon. To this mle there are a few 
exoeptioue ; for there are certain combostible bodies, 
gnoh as diamond, whose refraotire powers are much 
greatra &an other snbstanoes of equal density. 

The diagram (fig. 39) will eerre to render those laws 
more intelligible. Let a' ray of light a 0 meet a sur- 
face of water nm at 0, it will be immediately bent into 
the direction Oa"; and if, from the centre 0, we de- 
scribe any circle, and draw a line i> 0 b', perpendicular 
to n in ; then a h and a' V, perpendiculars drawn to the 
normal & b', from the points a and a', wh^ the circle 
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cats the incident and refracted rftjrs, will be the sines 
Pig, 39. 




of the angle of incidence hOa, and of the angle of re- 
fraction V 0 and the ratio of those sines to each 

other, or will be the reUiHue index of refraction 

for the two media. 

4. It may perhaps be added, for conveniencor as a 
fourth lav, deduoible &om the others, that since rays 
passing from a dense into a rare medium, have their, 
angle of refraction greater than the angle of incidence, 
there moat be some angle of incidence whose correspond- 
ing angle of refraction is a ri^t angle ; beyond which 
no refraction can take pla«e, becanse there is no angle 
whose sine can be greater than the radius. In such eir- 
comstances, total reflection ensnea. For common glass, 
whose index of re&action is 1-5, we have (in the case 
of emergent rays) sine of incidence = of refraction . 

but, as no sine can cxcoed radius or unity, tlif angle of 
incidence must be limited to 41" 4!)'; beyond whicii 
total reflection will take place, and the light will re- 
a2 
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turn imuards into the glass, being r^ected at its sur- 
face. 

Thmi, if a ra; proceed fnm a point 0 (fig. 40), vithin 



Fig. 40. 




a piefse of glass, to a point Ct at its earface A3 ; and 
if OC 6, its incidence, be less than 41° iff, it will be 
refracted in some direotaon C/ ; bnt if thb angle be 
greater than 41° 49', as O C i^', the ray will be r<^eeted 
back into the glass in the direction C O*. 

The material hitherto employed in the construction 
of lighthovBe apparatoB is crovn glass, which, although 
it possesses a lower refVactire power than flint glass, 
and has, besidee, a, slightly greenish tinge, offers the 
great practical advantages of being more easily obtained 
of homogeneous quality ; and, being less subject to de- 
terioration from atmospheric influences, it is peculiarly 
suitable for use in the exposed situations generally oc- 
cupied by lighthouses. The refractive index of crown 
glass, as already noticed, is about 1-5. There is now, 
however, some prospect of flint glass, with a low refrac- 
tive power and considerable purity, being employed. 
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By protracting the angles of hicidenre an J refraction, 
in the manner above described, any one may easily sa- 
tisfy himself of the truth of the following general pro- 
■ positions resulting from those laws : — ■ 

1, A ray of light passing through a plate of some 
diaphanous substance such as glass, with parallel sur- 
faces, suifera no change of direction, but emerges in a. 
line parallel to its original path, merely suffering a dis- 
placement, depending on the obliquity of the incident 
ray, and the refractive power and thickness of the 
plate. The effect of this diaplaeement ia merely to give 
the ray an apparent point of origin different from the 
fane one. This will be easily understood by the dia- 
gram (fig. 41), in which a b is a normal to the plate. 




whose surfaces cc x and od are parallel, rrrr shews 
the path of the ray, the displacement, and r' the ap- 
parent point of origin resulting from its altered direc- 
tion. 

2. When a ray passes throngh a triangular prism 
fibe, the ioeUnation ffC the faces a e and c b causes the 
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emergent ra; to be beat towards a h, the base of the 

Pig. *a. 




prism, in a measure depending on the inclination of tbir 
sides of the prism and tiie obliqnit; of the incident tkj 
to the first snr&ce. 

3. When parallel rft^s fall on a concave lens, they 
will, at their emergence, be divergent. The seation of 

Pig. 43. 



the diaphanous body ahed may be regarded as com- 
posed of innnmerable frusta of prisms, having their 
apieet directed towards the centre line xr; and the 
rays which pass through the centre, being norma! to 
the surface, will be unchanged in their direction, while 
all the others will (as shewn in the figure), suffer a 
change of direction, increasing with their distance from 
the centre, owing to the inureafilng inclination of the 
surfaces of the lens as they recede from its axis. 
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4. Lastly, when divergent rays fall on a convex lens 
a b, from a point /, called the principal focus, they are 



Fig. M. 




made parallel at their emergence ; while, eonverseb/, 
paralk^l rays which fall on the lens are united in that 
point.* This effect, which is the opposite of that 
caused by the concave lens, m&y he explained in a 
similar manner, by conceiving the section ah oi the 
convex lens to he composed of innumerable frueta of 
prisms arranged wiih their hates towards the centre of 
the lens. 

Now, it is obvious, that we can derive no assistance, 
in economisiDg the rays of a lamp for lighthonse pur- 
poses, fiom concave lenses, whose property £9 to in- 
crease the dispersion of the rays incident on them. 
'With concave lenses, therefore, we have no concern ; 
and we shall confine ooraelves to the consideration of 
the convex or converging lenses. 

* It is, of conrae, to be understood that, in this cue of a leni 
whoBs inrfaces are spberiaJ, only the raya iuoident ueu iti uii 
can be refraoted aocontel; to a fbeoB. 
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The lena always nsed la Lighthoimes iB (for reasons 
already aoticed) plano-conyex, and differs from the last 

only by having a plane and a curve surface, instead of 
two curve surfaces, whose radii are on opposite sides of 
the lens. The plano-convex is generally regarded, by 
writers on optics, as a etmti of the double convex having 
one side of an iiijinilc radius. Both forms cause paral- 
lel raya to converge to a focus. 

We commence with a general view of the relations 
which subsist between the position of the radiant and 
the focus. 

Let be a section of a lens, and fAr its optical 
axis, or the line in which a ray of light passes un- 
changed in its direction through the lens, irom its bsing 
nonoal to both surfaces, its principal focas f, whether 
the lens be double convex, as above, or plano-convex, 
as in fig. 45, is that point where the r&ys from rrr 



Fig. 4S. 

Q 




which fall parallel to the optic axis on the outer face of 
the lens, meet after refraction at the two faces,— or, to 
speak more in the language of the art of which we are 
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treating, the principal focus f is the point whence the 
raya of light, proceeding in tlieir naturally divergent 
course, fall on thp inner .=urface QA'^ of the lens, and 
are so changed by refraction there and at the outer 
face, that they finally emerge parallel to the optic asng 
in the directions Qr, qr. The position of this point 
depends partly on the refractive power of the substance 
of which the lens ia composed and partly on the curva- 
ture of the snrface or surfaces which bound it. 

It would be quite beyond the scope of this volume to 
lUtempt to present the anbject of refraction at sj^erical 
surfaces before the reader's view in a rigorous or syste- 
nuitao manner, and thus to adyance, step by step, to the 
practioal i^licatioa of rofraoting instmmmts, as a 
metuiB of directing and eeonomiaing the light in a Pha- 
ros. This wonld invoWe the repetition, in a leaa ele- 
gant ivsm, of what is to be found in all the works on 
optics ; and instead of this, I am content to refer, where 
needM, to those -wtakt, and sh^ confine myself simply 
to vhat oonoems laghthonse lenses and tiieir use. It 
wonld also be snperflnons to determine the position of 
the principal focns of a phmo-convez lens, in terms 
of the re&actire index and radius of curratore,* as it 



* P m in whicli r is the radiog of onrrature, and m is 

— 1 

the le&aoUve index. — Coddiagton't Optic*, Cbap. VIII. If tie 
rsdioiit be ItraDght near the lens, bo to caat divei^ent rajs on 
ita iDi&oe, then tlie conjugate focus will recede behind the prin- 
t^ptdfoeut; and when the luminous bodj reaches the principal 
fbena front of the lens, the rays vill emerge from Its posterior 
nn&oe in a (Urection parallel to its axis. If it be brought still 
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can be very accurately found in practice by exposing 
the instrument to the sun. in such a manner that his 
rays may fa!l upon it in !i direction parallel to its axis. 
The point of union hetwf I'll the cimvergitig and diver- 
ging cones of rays (wliere the spectrum ia smallest and 
brightest), which ia the principal focus, is easily deter- 
mined by moving a screen behind the lena, farther from 
or nearer to it as may be required. The path of the 
Lighthouse optician, moreover, generally lies in the op- 
posite direction ; and his duty ia not so much to find 
the focal distance of a ready>made lens, as to find the 
best form of a lens for the various circumatancee of a 
particular Pharos, whose diameter, in some measure, 
determines the focal distance of the instruments to be 
employed. All, however, that 1 shall really have to do 
ia to give an account of what has been effected by the 
late illustrious Freanel, who seems to have devoted such 
minute attention to every detail of the ISoptric ftppa-. 
ratns, that he has foreseen and provided for almost 
every ease that occurs in the practice of lighthouse 
illumination. His brother, Mons. I4onor Fresnel, who 
succeeded him in the charge of the lighthouBee of 
France, with the greatest liberality, put me in posses- 
sion of the various formulse used by his lamented pre- 
decessor, in determining ^e elements of those instru- 
ments vhich have so greatly improved the lighthouses 
of modem days. 

nearer the lens, the lajt would emerge as a diveigent oone. 
Hcuire converging knees can enly oollect lays into a fbcni, when 
thej proceed from some point more distant than tlie prindpal 
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Spherical lenses, like spherical mirrors, collect truly 
into the foons those raya only which are incident near 

the axis ; and it h, therefore, of the greatest import- 
ance to emplo J only a small segment of any sphere as a 
ICDS. The experience of this fact, among other consi- 
derations, led Condorcet, as alroailj noticed, to suggest 
the building of lenses in sopiuato ]>i(.'cc?. Frcsnel, 
however, was the first who actii.'iUj C(.inst.nicted a lens 
on that nriiiciide, sind fully availed himself of the ad- 
vantage' which it afiords ; and he has subdivided, with 
Biich jndgmpnt. the whole surface of the lens into a 
centre lens and concentric annular bands, and has so 
caref'illy determined the elements of curvature for each, 
that it does not seem likely that afiy improvement will 
soon he made in their construction. For the drawings 
of the great lens, I have to refer to Plate IV., which 
aJso contains a tabular view of the elements of its va- 
rious parts. The central disc of the lens, which is em- 
ployed in lights of the first order, and whose focal dis- 
tance 18 920 milliro^es, or 36 22 inches, is about 11 
IncheB in diameter ; and the annular rings which sur- 
round it gradnally decrease in breadth, as they recede 
from ^ axis, from Sf to li inches. The breadth of 
any zone or ring is, within eertun limits, a matter of 
choice, it being desirable, however, that no part of the 
lens should be much thicker than the rest, as well for 
the purpose of avoiding inconvenient projections on its 
surface, as to permit the rays to pass through every 
part of it with nearly equal loss by absorption. The 
objects to be attained in the polyzonal or compound 
lens, are chiefly, as above noticed, to correct the ezces- 
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aire aberration produced by refractioE through a hemi- 
sphero or great segmeat, whose edge would make the 
pitrallel rays falling oa ite curve surface converge to a 
point mnoh nearer the lens than the principal fooos, 
as determined for rayB near the optical axis, and to 
avoid the increase of material, which would not only 
add to the weight of the mstriiment and the expense of 
its construction, hut would greatly diminish by absorp- 
tion the amount of transmitted light. Various modes 
of removing similar inconveniencies in telescopic lenses 
have hftcn deviled ; and the suggestions of Descartes, 
n= t 111 I r II ( f h\perl)( lie and elliptic surfaces 
with iiliua' i;..J qtliincal ones, more especially fulfil the 
whole conditions of the case : hut the excessive difficulty 
which must attend grinding and polishing those surfaces 
has hitherto deprived us of the advantages which would 
result from the nee of telescopic lenses entirely free from 
spherical aberration. In lighthouse lenses, where so 
near an approach to accurate convergence to a single 
focus is uimeeeaaary, every purpose is answered by thft 
portiftl correction of ^terrafaon which may he obtained, 
by determining an average radius of curvature for the 
oeatral lUsc, and for each sncceseive belt or ring, as it 
secedes fnHu the axis. In the lenses originally made 
for Fresnel by Soleil, the zones were united hy means 
of smsdl chteelt or joggles of cc^iper, passing &om the 
one zone into the other ; but the greater exactness of 
the workmanship now attained, has rendered it safe to 
dbpense wiUi those fixtures ; and the compound lens, as 
now constructed hy Messrs Francois, Soleil, and Letoup- 
neau of Paris, is bound together solely hy a metaUic 
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frame and the close union between the concentric &ceii 
of the rings, although the sttrfacea in contact with each 

other are only | inch in depth (see Plate IV.) It is re- 
markable, that an instrument, haying about 1300 square 
inches of surface, and weighing 109 lb., and which is 
composed of so many parts, should be held together by 
so slender a boTid iis two na^rrow strips of polished glass, 
united by a thin film of cement. 

I will now present to the reader the formulse em- 
ployed by Frcsnel, to determine the elements of the 
compound lens,* in the calculation of which two cases 
occur, viz., the central disc and a concentric ring. The 
focal distance of the lens and the refractive index of 
the glass are the principal data from which we start. 

Let us begin with the case of the central disc or lens 
round which the annular rings are arranged. Its prin- 
cipal section ia a mixtilinear figure (fig. 46) composed of 
a segment bac, resting on a 
parallelogram bede, whose 
depth bd or ee is deter- 
mined hj the strength which . 
is reqnired for the joints ' 
which miite the various portions of the lens. Those 
pardculara have, as already stated, been determiifed 
with so much judgment by Freanel, and the dimensions 
of the lenses so varied to suit the ease of varions lights, 
that nothing in this respect remains to be done by others. 



* It may be proper to state, that while the fonnulae are those 
of Freenei, I am responsible for tbe investigations in the Not«9. 
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S«ferring to fig. 47, we have, for obtaining iJio radius 
of the central disc, the following formulffi, in which 

r — AB, half the aperture of the lens 

0 = AF, the focal distance 

f =Aa, the thickneBs of the lens at the vertw 

f = B6, the thickneBS of the joint 

;Li=the indei of refraction 

p =the radins of cnrrature. 

Pig. 47. 




Then for the radina of curvature i 
have: 
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and for that nesr the margin we have : 
tan t'=-^ 



and, Enallj p = 



fitjoae-i-1 



* The followisg rteps lead to the fitrmulEB given in the teit. 
Let APQB (fig. 48) repTesent a eection of the central lent hj a 

Pig. 18. 



plane pu^g thMOgh its uig AF ; F the toem tox incident rays ; 
and FQPH the path of a lay lefrwted finaa^ in the direction 
PH, parallel to the azis. Let C be ttie centre of corratore, 
then PC is a, nurmal ti> the onrre at P; and, (ffodiuong PQ to 
meet the asis in G, we haveO the foeoiof the laT*, after reftte- 
tion at the surface BQ. 
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The Mcond oaae concerns the calculation of the ele- 
ments of a concentric ring. The section abcde (fig. 



Theti'p = 



Bin QFG 


QG 


' BinQGF- 


QF 


tiraatelj PG = 


:AQ, 



siliPCG PG 

Now, as P approaches A, we Hi 

QG = Ba. and ttl' = BF; 
Therefore, putting AG = and AC = p' 



from which jiff^fj, p' = 8; and p,^ = B — if and eliminating 6. 
we We /i^ip+ii (/ = ft 0 + whence, aa bIMts, /)'=(/* -1) 



Bat at this Talue of the radiiiB of euTTatore, m lixeaAy stated, 
ii calonlated tor raji near the axis, it would prodiioe a notable 
aherratioQ for nya Inddent on the margin of the lent. In order, 
therefore, to avoid the effects of aberration as much as possible, a 
hecoTid railius of curTiture must be calculated, so that rajs Inci- 
dent on the margin of the lens maj be refracted in a direction 
parallel to the axis. This second Talue of the radiuB is called 
p" in tlie text, and ii fbniid as follows (refbrring to fig. 49) : 

Let FB' boi be tiie oonne of a ray rafraoted in tiie diieetion 
h» parallel to the sxia Av'. This laj meets the rorfaca AB 
in the point B", vhose position maj be found approximately by 
tracing the path of tiie »y FB, on the anpporitton that &e sur- 
face of the tefraotiiig medium ie piodueed in the diraetiona AB, 
a'l: 

IiSt C be the centre of anirfttiiTe (See £g. 49.} 
a= A Cb the angle of emergence 
qnB' b C the seooud an^ of refraction 
e=BbB' the first an^e of refiaotion 
i = B'FA tbe fltit angle of inoUenoe 
*' = BFA 
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50) of one of those ringB includes a mixtiUttewr triangle 
Fig. so. 




a be, and a rectangle hced,&e thiokn^s b c being the 
AB=r 

B b = I" the fhidmeM of tbe kiu at the edge 
AF = ^ the fboal diitanree 



Fig. 49. 
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same ibB that of the edge of the central disc ; and the 
elementa to be detennined are tKe radius of the onrre 



(rhence bb' = f tan e becomes known. 
Now, since BB" = 6 6' nearly, AV^AB-bV 

Fmin this ii obtained the ai^le of inddence i, and the tint 

angle of refraction e ; forton > = -^ and sin e>~^^- 

Next B'bC^BhC-BhW ot 7i = a-e 

andsina=fiBm^ = ^rin(a-e) 

frora which, sin o cos e — coa a sin e = "° 
/* 

wlience sin a ( cos e - ^ ) = eos a ain e ; and 

-(-.-^-•.^.)— 

= (1 - sin- a) sin' e = sin- e - sin= a ein= * 
Then transpoBing we have 

and because (cos* e + sin^ e) = 1 we have, by dividing. 
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surface, and the fftsition of the centre of curvature, with 
reference to the vertex of the lens, 

Tlie radiuB of curvature of the zone maj he calculated 
hj the following formulie, in which, (see fig. 51.) 

Pig. 51. 




and aubstjtating we have 
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^ AB the distance of the outer Aargiii of the zone 

from ttio axis of the lens 
=AE the distance of the inner margin from the 

:^BE the breadth of the zoiie=;r^— j-j 

= the radius of ourvature=6 C=otC 

=focal distance AF 

= thickness of the joint B b 

=B6 

=re&actiTe index of the glass 
=BFA 




and, t&king ibr tbe radius of oarratnre, the mean of p' and pf ti 
Taloes oalonlKted for the central and mammal mjB, we hsi 
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P= 2co.i,^.t(c-a-)).inH<-<-') 
which is Fresners value of the radius of curvature.* 

* The followmg Bteps will oanduct ns to thia ezpTMsion. 
Let B hfE (6g. 52) represent the section of a zone bj a plant 
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Lastly, the position of C tlie centre of curvature for a 
ring 18 easily determined by two co-ordinates in refer- 

pMiing through the aiia of the lens AF, C the oentre of cur-. 
Tatnre, F the radiant point, and FB'tar, FE'm«' the conraeof 
the extreme thjs which, are transmitted through the zone (and the 
Utter of which passes from E' to e tbiongh a portion of the tone 
or lens in oontact with that under consideratioii). Then patting 
AB = j-j; AB' = r',; Cb = p 
AE = !rj; AE' = r'j; B 1)- BE = r, -r, = / 
e = the first angle of refraction 6 B' i 
9) = the seeond angle of refraction 6 C 
6"= the first angle of refraction e E i' 
7]' = the second angle of refraction e m C 
a = the angle of emeigence bCq 
a' — the angle of emergence mCq 
i-j - BFA ; = EFA ; i, = B'FA ; i.^ = E'FA 
e,=B6B';eg = EeE'. 
Proceeding exactly as in the case of the central lens we shall 

^ ^ BA r, ^ , EA r, 

tail r . = s— tan f = = -3- 

* AF = ^' ^ ■ AF ^ 



= a — a' from wMoh (since tlie triu^k 
= 90°-^ (a-aO; in*^* triangle 
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eiice to their origin, A, which is the Tertez of the lens 
(see kiit fig., r)2), by the equations : 

CG=p . sin a~a b=p ■ sin a—r^ 
CQ=,3 . coea-g'Q=p . cos a-f 

The elements of each successive zone are determined 
in the same manner. The animlar lens of the first order 
of lights in Fresiiel's Hystcm consists, as already stated, 
of a central liiso 11 inches in diameter, and ten concen- 
tric rings, all of which have a common principal focus, 
where the rays of the sun meet after passing through 
the lens. With such accuracy are those rings and the 
disc ground, and placed relatively to ea«h other, that 
the position of the actual conjugate focus of the entire 
surface of the compound lena, dififers in a very small de- 
gree from thai! obtained by oaloulation. 

The tests generally applied for examining the lenses 

hme=hmC-tm,C~9(f -i (a~a')-n 
and 6 e m = if « B' = 90° - e' 

We have therefore in the triangle 6 m e 

and !n bin C 

liub'Om cos (o-o.') sin (a-o') 

f ew e'ooa 4 (a-a) 

"cm {a-a')} 3 »in J (a-a") coa ^ (a-aO 

. . iioia wbieh, putting bC = p 

l oos 

P'SoM {^+4 (a-o')} sin J (o-^ 
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used in ligbtitotuieB, is to find lihe positioQ of the corru- 
gate foouB be^fid tlie lens, dne to a given position a 
lamp m front of it. This test depends on the foUoiring 
considerations ; — ^Draw a line &ojn an object 0 in fnmt 



Fig. 53. 




of & lens, to any point Q in the lens ; and from A, the 
centre of the lens, draw AR parallel to OQ, and cutting 
a line RF r which passes through the principal f ocu3 F, 
at right angles to the axis of the lens ; then join the 
points Q and R, and prodoce the line joining them ; I, 
the image of 0 must he in that line. In the same way, 
draw a line from 0 to q, another point in the lens on the 
other side of its axis, and parallel to it draw A r from 
the centre of the Isns, cutting the plane of the principal 
fbcm in r. Join q r, in which line the image will lie ; 
and hence the intersection of OR and qr, in I, will be 
the point in which the image of 0 is formed ; or will be 
the conjugate focus of the l«is due to the distance OA. 
This mode will serve to give the distance of the conju- 
gate focus of a Isns (neglecting ita ^ideneas) for rays 
ialling on its surface at any angle. 

We shall suppose QA (fig. 53) to represent the half 
of a lens, and remembering the conditions described in 
reference to the last figure, we shall at once perceive 
the truth of the following analogy (fig. 54) : — 
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OA:AF::AQ:FE::AI:FI, and putting 0A=8, 
Al=(p', Mid AF=(f}, we have 8:<j):: (p' : (p' — (j), and. 



conseqaeatly, 5^'— 3 0=00"; and hence the follow- 
ing equations, which expresB the relations Buhdstiiig 
hetween the principal focus of the lens and the distance 
of any ohject and its corresponding image : 

1st, To find the principal focal distance of a lens 
from tiie measured position of its object and its image 



refracted through it, we have, <{> ■• 




2d, For tiie distance of the object, when that of the 

image is known, we have, 5— ^ '^^p- 
3d, For the position of the image, when that of the 



In testing lenses, of course, it is this last equation 
which we use, because the value of 0 or the principal 
focus is always known, and is that whoae accuracy we 
wish to try, while S may be chosen within certain Hmits 
at will. I have found that the best mode of proceeding 
is the following : — Li front of the lens Q q (see fig, 55) 
firmly fixed in a &ame, place a lamp at 0 at the dis- 
tance of about 50 yards. Calculate the value of 0' due 
to 50 yards, which in this case ie equal to AF*, OA 



Fig. 54, 
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being equal to 8 ; and move & soreen of white paper 
bafikwardB and forwards until you receive on it the 



smalleat image that can be formed, which is at the 
point where the conee of converging and diverging rays 
meet. The image will always inereaBe in size whether 
yOH approach nearer to the lens or recede farther from 
it, according as you pass from the conver^ng into the 
diverg^g cone of raye, or vice versa ; and hence the 
intermediate point is eaaUy fonndby a very little prac- 
tice. The distance from the centre of the lens to the 
face of the screen, which must be a(|juBted so as to be 
at right angles to a line joining the centre of the lens 
and the lamp, is then measured ; and its agreement with 
the calculated length of 0', is an indication of tiie accu- 
racy cf the workmanship of the lens. "When the mea- 
sured distance is greater than the calculated 0', we 
know than the lens is too flat ; and it is on this side 
the error generally falls. On the other hand, when (pf 
is greater than the measured dist^ce, we know that 
the lens has too great convexity. I have only to add, 
that an error of ^ on the value of (p' may bo safely 
admitted in lighthouse lenses ; but I Lave had many 
inatmments miade by M. Francois Soleii, whose error 
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fell below ^ of 0'. Owing probably to the mode of 
grinding, the snrfaces of (dl the lenseB I have yet ex- 
amined are somewhat too flat. 

In applying lenses to the flame of a lighthouse lamp, 
similar considerations must guide ua in making the 
necesnary arrangements, as in the case of reflectors- 
We liave alreaJy seen that the size of the flame and its 
distance from the surface of a mirror have an important 
practical hearing on the utility of tJio inatniment, and 
that the divergence of the resultant beam materially 
affects its fitness for the purpose of a lighthouse. So 
also, in the case of the lens, unless the diameter of the 
flame of the lamp has to the focal distance of the instru- 
rrieut a relation such as may cause an appreciable di- 
vergence of the rays refracted through it, it could not 
be usefully applied to a lighthouse ; for, without this, 
the light would be in sight during so short a time, that 
the seaman would have much difficulty in observing it. 
To determine the amonnt of this divergence of the re- 
fra«ted beam, therefore, is a matter of great practical 
importance, and I eh&ll briefly point ont the conditions 
which regulate its amount, as they are nearly identical 
with those whioh determine the divergence of a parsr- 
bololdal mirror illnminated by a lamp in its focns. The 
divet^ienee, in the case of lenses, may be described as 
the angle which the pxim subtends at the principal 
foetu of the lent, the maximum of which, produced at 
the vertex of Fresnel's great lens by the lamp of four 
concentric wicks, is about 5° 9'. 

This will he easily seen by examining the annexed 
figure (56), in which Q q represents the lens, A its 
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centre, F the principal focua, &F and ft'F the radius of 



the flame ; then ia the angle b Ab' equal to the maximum 
divergence of the lens. Sin b AF=^^=sin 6'AF= 

at A. Then for the divergence at the margin of the 
leuB, or at any other point, we have, FQ=^/ (AQ* + AP*) 
and Q3!=V^^"+"F^); and for any angle at Q, we 
Fic 

have sin FQa!=pQ. 

On the Huhject of the illuminating power of the lenaes, 
it seema enough to say, that the same general principle 
regulates the estimate aa in reflectors. Owing to the 
square form of the lena, however, there is a greater diffi- 
culty in finding a mean focal distance whereby to cor- 
rect OUT estimate of the angle subtended by the light, ao 



P^g. 56. 
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as to equate the vstrying distance of tlie several parts of 
the snri'aoe ; but, practically, we shall not greatly err if 
we consider the quoUent of the surface of the lens 
divided hy nn/ooe of ihe flame as tlie increased 
power of illnmination by the use of the lens. The illu- 
minating effect of the great lens, as measured at mode- 
rate distances, has generally been taken at 31)00 Argand 
flames, the value of the great flame in its focus being 
about 16, thus giving its increafling power as nearly 
ei|ual to 180. The more perfect lenses have produced 
a considerably greater ciFcct. 

The application of lenses to lighthouses is so obvious as 
ti> re(|ujrc little explanation. They are arranged round 
a lamp placed in their centre, and on the level of their 
focal plane in the manner shewn in Plato V.,* and thus 
form, by their union, a right octagonal hollow prism, cir- 
culating round the flame which is fixed in the centre, and 
shewing to a distant observer successive flashes or blaaes 
of light, whenever one of its faces crosses a lino joining 
his eye and the lamp, in a manner similar to that already 
noticed in describing the action of the mirrors. The 
chief difference in the e£bct consists in the greater in- 
tensity^ and shorter duration o( the blaze produced by 



* Plate V. ehews the nature of fho mechaniciil power which 
girea uLO'.i i]ii;iit ;o k]!i,u6. It i^unsisls i>f a diicltKorl! move- 
ment diivijiL lij a ■.vri(;lic whii^h sets in iiintion a Aisc iKiarinj; 
brackets that carry the lenses. AH this, however, can he seen 
tram (liat Plate ; and I am unwiUing to expend time in « de- 
tailed ez^ana^ of wlist is abvimu by intpeotiou., 
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the lens ; which latter qnanti^ is, of coarse, proportional 
to the dirergeiLoe of the resnltant beam. Each lena 
subtends a central horiiontal pyramid of light of about 
46° of inclination, beyond which limits the lenticiilar 
action oonld not be advantageously pushed, owing to 
the extoeme obliquity of the incideaee of light ; but 
Fresnel at once conceived the idea of pressing mto the 
service of the mEiriner, by means of two very simple 
expedients, the light which would otherwise have use- 
lessly escaped above and below the lenses. 

For intercepting the upper portion of the light, 
he employed eight smaller lenses of 500 mm. focal dis- 
tance (19'68 inches) inclined inwards towards the lamp, 
which is also their common focus, and thus forming, by 
their union, a frustum of a hollow octagonal pyramid 
of 50'' iif inclination. The light falling on those lenses 
is formed into eight beams rising upwards at an angle of 
50° inclination. Above them are ranged eight plane mir- 
rors, so inclined (sec Plate V.) as to project the beams 
transmitted by the small lenses into the horizontal direc- 
tion, and thus finally to increase the effect of the light. 
In placing those upper lenses, it is generally tiiought 
advisable to give their axes an horizontal deviation oi' 

or 8° from that of the great lenses and in the direc- 
tion contrary to that of the revolution of tbe frame 
which carries the lenticular apparatus. By this ar- 
rangement, the flashes of the smaller lenses precede those 
of the large ones, and thus tend to correct the chief 
practical defect of revolving lenticular lights by prolong- 
ing the bright periods. The elements of the subsidiary 
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lenses depend upon the very aame jainciples, are 
calcnlated by the same formnlce as those ffyen {<xt the 
great lenses. In fixing the focal distance and inclina- 
tion of those snbsidiary lenses, Fresnel was guided by 
a consideration of the necessity for keeping them suffi- 
ciently high to prevent interference with the free access 
to the lamp. He also restricted their dimensions within 
very moderate limits, so as to avoid too great weight. 
Their focal distance is the same as that for lenses of the 
third order of lights. 

Owing to certain arrangements of the apparatus 
which are necessary for the efficiency of the lamp, hut 
a small portion of those rays which escape from helow 
the lenses can be rendered available for the pnrposes 
of a Lighthouse : and any attempt to subject them to 
lenticular action, so as to add them to the periodic 
flashes, would have led to a most inconvenient compli- 
cation of the apparatus. Fresnel adopted the more na- 
tural and simple course of transmitting them to the ho- 
rizon in &9 form of fiat rings of light, or rather of 
divergent pencils, directed to various points of the hori- 
zon. This he effected by means o? small carved mir- 
rors, disposed in tiers, one above another, like the 
leaves of a Venetian blind — an arrangement which he 
also adopted (see Plate VI.) for intercepting the light 
which escapes above as well as belovr the dioptric belt 
in fixed lights. Those curved mirrors are, strictly 
speaking, generated (see flg. 57) by portions such as 
a b, of parabolas, having their feci coincident with F, 
the common flame of the system. In practice, however, 
they are formed as portions of a curved surface, ground 
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rabolic segment.* Tte mirrors are plates of glass, sil- 



* To find the radius and centre of a rirclu, which shall oscu- 
late a given parabola, whose focus is in f , draw iiorniaJs to the 
curve from.j) and F, meeting in 0, and draw Ne parallel to 



Fig. B8. 
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▼end on the bact and set in flat oases of Bbeet-braee. 
They ue BUBpended on a circular frame by means of 



& tAngent of the curve, or to p F, then P O or p O is the ra- 
diiu reqiuied. Now we hare Bimilsr triangles P|id and Ne», 
and PH and pA ore (pioziiiUita) otdinates; henea we hftve the 
fbUowing anakigiea : — 

P(i : : : PH : PN 

Ne ; Nn PH : PN 
Henoe oompoundiiig those ratios (in which Pd^Hn neulj) 

Ne : Pji : : PH' : PN= 
also Nfl : Fp : -. XO : PO, 
(flw O Pp and N 0 e are similar triangles) 

PH' : PN^ : : NO : OP, 
then PN'-PH'' = HN» 
attdPO-NO = NP, 
therefore HN" : PIf : : NP ; PO, 

and finally, PO = g^. 

Then pat FP = Ha=FK=ip; HN=/»-«; 
then M FP" - FH* = PH» = /I* - 

PIP = PH>+ HfP = (p' - ^ +(/>»- 2p « 

= 2p'-2p2 

PN = V'-j"p"(p-:) 



' {2p(p-41' 
and flnallr, PO = 2V^^^. 
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Bcraws irhioh, being attoched to liie backs of the brass 
cases, afford the means of adjnsting them to their true 



In order to teat the accurac; of the varkmanahip of the mir-- 
rora, recouree mnat again tie had, as in the case of the lenses and 
jiaralx^ miraon, to the formula of conjugate fbci, in which we 
^haU call E = the radiiu of curvature of the mizror M m (fig. 
59) ; o = the diitanoe of a light, /, which ia aibitrarilj placed 
in front of' the mirror ; and f> ~ the distance of a moveable Mmen 
S, on which the rays rejected i¥om the miiror wa,j oimTei|;e in 
a fixDB. We must find the distance b, at which, with ai^ given 
distsnoe a, inch convergence shoold take place. 



Fig.S9. 




/M' = a 
BW=h 
OM'»H 

Then (beoaoM /M S ie bisected 1^ OH, and for points near the 
vertex of the ndiror at M') 

8M' : /M' : : 80 ; 0/ 
M h : a S.-h : o-R 

ab-Ra = B,b~ab. 

From which b= ^ . ^°j^ , the distance required, in which an 
error of ^ (of ite whole length) mar ^ uf^f admitted. 
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inclination, 30 that they iiia_v I'oilcct fbjeots on the ho- 
rizon of the lighthouse to an obsorvti-'s vyc. placed in 
the common focus of the system. 

At such times when the horizon cannot he seen, the 
mirror may be placed, by means of a clinometer, with a 
spirit-level Bet to the proper angle, which may be easily 
mechanically determined as follows : Draw a line from 



Fig. 60. 

r 




* 



the focus F through the point 0, where the centre of 
the mirror is to he, producing it beyond that point to a 
convenient distance at I ; through 0 draw HOH, paral- 
lel to the horizon FH ; bisect lOH by MOM, which co- 
incides with a tangent to the mirror at its centre O ; 
and MOH is the fUlgle reqmred to be laid off, or ite 
complement. 
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Hanng once contemplated the possibibty of illumi- 
nating Lighthouaes by dioptric means. Fresnel quickly 
perceived the advantaiic of cmplovmii for fixed hshis a 
1 mp pla d n th t f S ! 1 h p 
n f a f f / ly n 'h 

lenjTth and havmEr their axes m planes parallel to ihe 
hurjKun. ^lucli a continuation of vertical sections, hj 
refraciins the ravs proceeding from the focus, only m 
the vertical direction, must distribute a zone of light 
equally hrilliard m every point of the horizon. This 
eiFcot will he easily understood, by considering the 
middle vertical section of one of the great annular 
lenses, already described, abstractly from its relation 
to the rest of the instrument. It will readily be per- 
ceived that this section possesses the property of simply 
refracting the rays in oijj plaice coincident with the 
line of the section, and in a direction parallel to the ho- 
rizon, and cannot collect the rays from either side of 
the verlaoal line ; and if this Bectaon, by its revolution 
about ft vertioal axis, becomes the generating line of 
the euTektping hoop above noticed, suoh a koop will of 
course possess the pnqierty of refracting an equally dif- 
fused' zone of light round the horison. The difficulty, 
however, of forming this apparatus appeared so great, 
that Fresnel determined to suhstitnte for it a vertical 
polygon, composed of what have been improperly called 
cylindric lenses, but which in reality are mixtilinear 
prisms placed horizontally, and distributing the light 
which they receive from the focus nearly equally over 
the horizontal sector which they subtend. This poly- 
gon has a sufficient number of sides to enable it to give, 
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at the angle formed by tiie junctioD of two of them, a 
light not very much inferior to what is produced in the 
centre of one of the sides ; and the upper and lower 
courses of curved mirrors are always so placed as partly 
to make up for the deficiency of the light at the anglea. 
The effect sought for in a fixed light is thus obtained in 
a much more perfect manner, than by any conoeiTable 
combination of the paraboloidal mirrors. 

An ingenious modification of the fixed apparatus is 
also due to the inventive mind of Fresnel, who con- 
ceived the idea of placing one apparatus of this kind in 
front of another, with the axes of the cylindric pieces 
crossing each other at right anglea. As those cylindric 
pieces have the property of refracting all the rays which 
they receive from the focus, in a direction perpendioolar 
to the mixtilinear section which generates them, it is 
obvious that if two refracting media of this sort be ar- 
ranged as above described, their 'joint action will unite 
the rays which come from their common focus into a 
beam, whose sectional area is equal to the overlapped 
surface of the two instromeuts, and that they will thus 
produce, although in a diaadvantageous manner, the 
effect of a lens. It was by arwliog himself of this pro- 
perty of crossed prisms, that Fresnel invented the dis- 
tinction for lights which he calls a fiaxd Ught vcm«d 
bjf ficuhea; in which l^e fiashes are eaased by the re- 
volution of cylindric refractors with vertical axes ranged 
round the ontside of the fixed light apparatus already 
described. 

Having been directed by the Commissioners of the 
Northern laghthooses to convert the fixed catoptric 
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light of the Isle of May, into a dioptric light of the 
first order, I proposed that an attempt should be made 
to construct the belt for the refracting part of the 
apparatus of a form truly cylindric instead of poly- 
gonal ; and this task was successfully completed hy 
Messrs Cookson of Newcastle in the year 1836. The 
disadvantage of the polygon lies in the excess of the 
radius of the circuin scribing circle over that of the in- 
scribed circle, which occasiona an unequal distribution 
of light between its angles and the centre of each of its 
sides ; and this fault can only be fully remedied by con- 
structing a cylindric belt, whose generating line ia the 
middle mixtilinear section of an annular lens, revolving 
about a vertical axis passing through its principal focns. 
This is, in fact, the only form which can poasibly pro- 
duce an equal diffusion of the incident light over every 
part of the horizon. 

I at first imaged that tdie whole hoop of refractors 
might be bnilt between two metallic rings, connecting 
them to each otiier solely by the means employed in 
cementing the pieces of 4Jie annular lenses ; bnt a little 
consideration convinced me that this construction would 
make it necessary to build the lone at the lighthouse 
itself, and would thus greatly increase the risk of frac- 
ture. I was thravfore reluctantly induced to divide the 
whole cylinder into ten arcs, each of which being set in 
a metallic' &ame, might be capable of being moved sepa- 
rately. The chance also of any error in the figure of the 
instrument has thus a probability of being confined within 
narrower limits ; whilst the rectification of any defective 
part becomes at the same time more easy. One other 
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variation from the mode of eorHtmetion at first contem- 
plated for the Islo of May rofi-actor.?, was forced upon 
me ljy tlie repeated failures which occurred in attempt- 
irif^ to form the middle zone in one piece ; and it was at 
length found necessary to divide this he!t hy a line pass- 
ing through the horizontal plane of the focus. Such a 
division of the central zone, however, was not attended 
with any appreciahle loss of light, as the entire coinci- 
dence of the junction of the two pieces with the horizon- 
tal plane of the focus, confines the interception of the 
light to the fine joint at which they are cemented. 
With the exception of those trifling changes, the idea 
at first entertained of the construction of the instrument 
was fully realised, at the very first attempt, in the manu- 
factory of Sfosm Cookson. At a snbaequent period the 
central zones were fimned in one piece ; and I also greatly 
improved the arrangement of the apparatus, by^ving 
to the metallic frames vhich contMn the prisms, a 
rhomboidal,* instead of a rectangular form. The jnnc- 
Uon of the frames being thus inclined from the perpen- 
dicolar, do not in any azimuth intercept the light 
throughout the whole height of the refracting belt, but 
the interception is confined to a small rhomboidat space, 
whose area is inversely proportional to the sine of the 
angle of inclination ; and when the helical joints are 
formed between the opposite angles of the rectangular 



' The form is not axaotlj rliomboidal, bat iM a, porlioD of a 
flat helix interoepted between two pluiea, oatUng fh« enveloped 
cylinder st light eaglet to ita azii. 
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frames, the amount of intercepted light beoomee abso- 
lutely equal in cTCry azimuth.* 

Such an apparatus h shewn in Plate VII. ; and the 
accompanying diagram (fig. 61) show? an elevation 
ABCD, a aoction BD, and a plan ABD, of a single 



Big. 61. 




panel of this improved eompooad belt. AO and BD 
are the diagonal jinute abwe deacribed. Time and per- 



* See my Bepiat on tlie Refiaofon of tin Ide of May LigM« 
Stb OotolHT 1836. 
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severance, and the patience Euid skill of Moneieiir 
Francois Soleil, whom I urged to undertake the task, 
were at length crowned with success ; and I had the 
satisfaction at last of seeiiig a fised-light apparatus, 
of a truly cylindric form, with its central belt in one 
piece, and the joints of each panel inclined to the hori- 
zon at such an angle as to render the light perfectly 
equal in every azimuth. 

The loss of light by reflection at the surface of the 
most perfect mirrors, and the perishable nature of the 
material composing their polish, induced me, so far back 
as 1835, in a Heport on the Light of Inchkeith, which 
had just been altered to the dioptric system, to propose 
the substitution of totally reflecting prisms, even in 
lights of the first order or largest dimensions. In this 
attempt I was much encouraged by the singular libe- 
rality of M. L^onor Fresnel, to whose friendship (as I 
have often, wifJi much pleasore, acknowledged) I owe 
all that I know of dioptric lighthonses. He not only 
freely communicated to me the method pnrened by his 
difitingdshed brother Augostin Fresnel, in determining 
the forms of the zones of the small apparatus, introduced 
by him into tho Harbour lights of France, and his own 
mode of rigorously solving some of the preliminary 
questions inrolved in tlie compntanons bat put me in 
possession of Tarions important suggestions, which sub- 
stantially embrace the whole subjeet. The Table (at 
page 66), contEung the result of my calculations of the 
forms of the zones of the first order, which are verifica- 
tions of those of M. Fresnel ; and the first catadioptric 
appM-atos ever cons^cted, through the ardour and per- 
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aeverance of M. Frtw^oie Soleil, on ao magnificent a 
scale, was fitted np in the Skerrjvore Lighthouse. On 
the 23d December 1843, M. Fresnel announced, in a 
letter to me, the complete success which had attended a 
trial of the apparatus at the Eoyal Observatory of Paris, 
whereby it appeared that the illuniinatiiitr elVuct of the 
cupola of zones, was to that of the s(.'vcii iipjiyr tiers of 
mirrors of the first order, as 1411 to .S7. Xotbin;; can be 
more beaiitifut than an entire apparatus for ;i fixed light 
of the first order, suck as lliat shewn in Plato VII. It 
consists of a central belt of refractors, forming a hollow 
cylinder (i feet in diameter, and 30 inches hlf^h ; below 
it are six triangular rings of i^lass, ranged in a cylin- 
drical form, and above a crown of thirteen rings of glasB, 
forming by their union a hollow cage, composed of 
polished glass, W feet high and 6 feet in diameter ! I 
know nn work of art more beautiful or more creditable 
to the boldness, intelligence, and aea! of the artist. 

I must now endeavour to trace the various stops by 
which the elements of the zones given in the Tables (at 
page lifi) have been determined ; and this, I fear, I can- 
not do without considerable prolixity of detail- Refer- 
ring to Plates VI., VII., and VIII., in which F shews the 
flame, RR, the refractors, and MRM and MRM, tbe 
spaces tlirough wbicb the light would escape nselesaly 
above and below l&e lens, bat for the correctiTC action 
of the mirrors MM, which project tbe rays falling on 
tbem to tbe borizon, I have to observe that a similar 
eSeot is obtained, but in a more perfect manner, by 
means of tbe zones ABC and A^BjC, (fig. 62, on page 
49), whose action on the divergent rays of the lamp 
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causes the rays FC, FB and FO,, FB, to emerge horison- 
tally, by refracting them at the inner surfaces BC, 
S,Cj, reflecting them at A3, A,B,, and a second time 
refracting them at AC, A,Cj. 

The problem proposed is, therefore, the determination 
of &e elements abd position of a triangle ABC, which, 



Kg. 6S. 




bv its rcTolution about a vertical axis, passing through 
the focus of a svstem of annular lenses or refractors in 
F. would generate a ring or zone capable of transmitting 
in an horizontal direction by means of fofal mflei'lioii, 
the light incident upon its inner .•^ide iiO frimi 3 lamp 
placed in the point F. The comlitinn.s of the iiucstjon 
are baaed upon the well-known laws of lola.l i-e/Ieftion. 
and require that all the rays coming from the focus F 
shall be so refracted at entering the surface BC, as to 
meet the side BA itt sutih an angle, th&t instead of pass- 
ing out they shall be totallg t'efietited &om it, and pass- 
c 
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iBg onwards to Gie side CA shall, alter a second refraction 
ftt that surface, finally emerge from the zone in an hori- 
Eontal direction. For the solution of this problem, we 
have given the positions of F the focus, of the apex C 
of the generating triangle of the zone, the length of the 
side BG or CA, and the refraodye index of tl^e glaee. 
The form of the zone most then be Buoh ae to fulfil the 
following conditions : — 

1, Tlic extreme hit FB must ?Aiffcr rcfriietion and 
reflcctifiii at li, and pass to C, -n-lierc being a second time 
refracted, it must follow the liorizonal dii ecticu CII. 

2. Tlic other extreme ray FC mu^t lie refracted in 
C and passing to A, must at the point he retleetcd, and 
a second time refracted, so as to follow the horizontal 
course AG {see fig. 63, page 52). 

These two propositions involve other tvo in the form 
of corollaries. 

1. That every intermediate ray proceeding from F, 
and falling upon BC in any point E, between B and 
C, must, after refraction at the surface BC in E into 
the direction EW, be so reflected at W from AB into 
the direction WI, that being parallel to BC, it shaU, 
after a second refraction in I, at the snrface AC, emerge 
horizontally in the line IK. 

Andi 2. That the paths of the two extreme rays maet 
therefore trace the position of the generating teianglo of 
the zone. 

To these consideratiouB it may tw added, that as the 
uigles BCH imd FOA are each of them solely doe to 
the re&action at as their ommm. cause, Aey vuut 
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be equal to each otiier, and EGA being common U< 
both the remaining angle AGH=the remaining angle 
BCF. 

We naturally begin by the cunsidcration of the low- 
est ray FC, whose path being traocd gives the direction 
of the two refracting sides BC and AC, leaving only 
the direction of the reflecting side BA. tn he determined. 
T shall not now explain the reason for neglecting en- 
tirely the consideration of the reflecting side at present, 
as I could not do so without anticipating what must be 
more fuHj diseussed in the sequel ; but I may content 
myself with stating that as the positions of BC and AO 
depend upon the direction of the incideut ray FO, and 
on the refractive index of the glass, this part of the in- 
vestigation may be carried on apart from any inter- 
ference with the reflecting aide. 

As we know the relation existing between the angles 
of incidence and refraction, we might detemune .tHe re- 
lative positione of tiie sidsB AO and BC, by meana of 
BiiocesBive carrectionB obtuned by protraction, tracing 
tbe ^thB of tfa« mjs bam the horizontal directionB 
baabwardB-CfaToughtbe zenoB to the focuB. This me- 
thod, however, depends entirely -upon accurate protrac- 
tion, and IB tiierefoTe unsatisfactory as a final determi- 
nation, or if employed f<x any other ptirposo than that 
tff 'affording a rough approximation to the value of the 
angle, a knowledge of vhich may occasionally save 
tmuUe !■ <the iMif^yoeat-ef more ssaiat means «f da- 
tMBQBAtioB- A.'UttAe|pcaotiee,hoir<D7er..emAblM«i)««ith- 
iMot «BQb aid to Biafae a &st .gness verj near iha tmO. 
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Keferring to fig. 63, vhiob shews the frat and teeomd 




Eones of the upper series, we have 

tanLCF=^; 

and if we make 

the known angle, SCF= a 

00F= 5= the complement of BCF = the 

angle of incidence for FO 
DC0=7=angl8 of refraction 
LCF = e = {HCF - 90°) =s (2 a - 90") 
SCD = (a + 7-f) 
And m=the index of refraction for arov& 
glass, 

ira ohtun tiie meuis of detennining the angles 7 and 
f in two equations, which are based upon the relation 
between the an^es of incidence and reilraction, and <m 
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the interdependence of the variooB Mgles about C. 
These primary eqaatione are : 
du^=m . any 
and 

• 7=2^-aCinaking2a-90°=5) 

Eliminsting 7 between tbeee two equations, we ob- 
tain : 

.mf=™.,i„(2{-e) 
an expression, which, after various transformations of 
circular iunclions, aeaumea the fom 



dence and refraction is obvious ; but OB'ing to tbc great number of 
inull BDgleB about C, aliUle oinuideration ma^ be nquind to en- 
able ate to pereelre the traXb of the second. I therefore anbjoiit 
the steps hj which I reached it. It is obvious (see fig. 63), that as 
ACH snd BCF are equal, the line SC hissctisg HCF must bisect 
ACB. But the productiou of AC clearly gives SCD opposite 
and equal to ACW and SCD is bj construction = {a-^ + y) 

= (a+7-f), and, therefore, ACB, which is twice ACW or 
800^^(30+37-2^. Now, hy construction OO la a normal 
to the refracting Bur&oe CB and its produotion 0 ^ girea AC; = 7. 
But7 = ACB-3CB = (2o+27-3D-3CB = {30+27-2I) 

— 90°, hence 

y = [2a + 2y-2^]-m', 
and -y — 37 = — 7 = _2g + {2a — 90°) bj transposition, and 
inaSy changing signs, we have, as above, 
7 = 3{-{2a-90") 
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* Tills ^'xprc^Moii IS OLiUivaltnt to that of M. Fresnel, but 
owin^ to a siraplitifiation in tho fractional coefficients, it is not 
literally the same. I was led to it 'bj the fallowing steps, start- 
ing from the original equation ein ^ = m rin {2( — ff). 

-„.{.!„!{ .™»-™,3f.i.«I 
,,.™«..l„2f— .i„9.co.2f 

.2mco.8..i.e.c«f-mme + 2m.m9,.m-{ 
Therefore, 

msin^ + 8in|-2main^.siii=|^2™cosl9.ain|.™s| 
Then: 

m'sin'^ + Smsin^ . 6iii|--4m= sm'^sin^l 
+ ain'g-4Bisin^ . 8in=| + 4Wsln'fl . 8iii*g 
= 4 «i' eoa'B , sin' J (1 — sin' |) 
= 4m» . COS' S . ■in^i-lm'ooB'esin'f. 
Hence me have 

mFsin*d+3msiat). sin^-t-a-ln*} ■ 
. un'{-4mus0 . rin>^-)-4at'ms<{=l> 

Then fliviaing by 4m' and arranging according to powers irf {, 
we have as above : 

sin'f-i«ne . sin'f+ (j^-l) • ^i^'l 
, sin 0 . sin f rin'fl 0 
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The solution of this equation, which is of the fourth de- 
gree, is somewhat tedious ; hut as the root, \\hioh will 
satisfy tlie optical conditions of the question, must he 
the sine of an angle, and necessarily lies hctween zero 
and unity; and as the protraction, if conducted with 
due care in the maimer already described, affords the 
means of at once assuming a prohahle value of ^ not 
very distant from the truth, the labour of the calcu- 
lation, in this particular case, is not quite so great as 
might be expected. But notwithstanding all tte 
abridgments of which the particular ease admits, con- 
aiderable trouble ia inTolved, and a corresponding risk 
of error incnrred, in merely introducing the numerical 
values into the eqnibtion preparatory to its solution ; 
and any other method requiring a less amount of arith- 
metical labour is, of course, to he preferred. In prac- 
tice I therefore made use of the following method of 
approximating to the root of the equation, which was 
suggested to me by a friend. 

If the equation sin^— m sin (2^—^=0 (see page 
53) be regarded as an expression for the error, when 
the true value of f which would satisfy the equation haa 
been introduced into its first member, we may consider 
any error ia the raloe of ^ as expressed hy the equa- 
tion: 

mn ^—m . tan. (2 ^—&)a:s 
and difierentiating this expression we have : 

d 6 = cos I . d 2 m COS (2 0) . d ^ 
= {COS f - 2 m 008 (2 f- fl)} . d f 
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Then dmdiug by the differential coefficient we obtain 

^ COS ^-2 m cos (2^-0) 
But Then ^becomes f +<^^> c will also become e + de; 
hui e + d€=0 
therefore de= — c 

hence by substitution we have 

-.iBa ^^in(2f-fl) 
<*4-eos mcoa (2^-6.) 

£; * Babslituting, therefore, in this last equation the 
known values of m and 6, and the aBsumed value of ^, 
a correction is obtained, which being applied to ^ and 
the same process repeated, new correetiona may be found 
until the value of falls within the limits of error, 
which may be considered safe in the particular case. I 
need hardly say, that where so great a body of flame is 
employed as in the lights of the first order, these limits 
are soon passed, more especially as ojio acquires by a 
little cxperienoe the means of giictj^iutr a \ alui; of ^ not 
very far from the truth. It is this method I li:;ve em- 
ployed in calculating the Tables of the zones (given at 
p. ti6), in which I have on all occasions, though, per- 
haps, with needless exactness, pushed my angular deter- 
minations to seconds. 

Having in this manner determined the angle BCF, 
he obtuse angle BCA of the generating triangle of the 
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zone ie msilj and directly deduced by the following ex- 
proBsion, vHch results from the obrionB relations exist- 
ing among the known angles about 0 ; and we haver (see 
fig. 63, p. 52). 

BOA= 90" + y =90" + 2^-6. 
We next proceed to consider the form of BA, the re- 
flecting side of the zone, which is a point of tiic greatest 
consequence, as an error in the inclinatinii of any part 
of its surface is doubled in the resulting direction of the 
reflected rajs. The conditions of the i|uestion require, 
that every ray KW, after reflection at the surface AB, 
shall, like WT, be parallel to the first ray, whicli is re- 
fleeted in the din'(;tion BC, and after a second refraction 
at C, emerges horizontally in OH. But, let u.s traee 
backwards the rays as they emerge in their horizontal 
directions IK, and it ia obvious that if BA be made a 
straight line, then will every ray EW meet the first 
refracting side BO at the same angle, and there snfTer- 
ing the same refraction, they will go on parallel to each 
other, and never meet in the focus F. This conver- 
gence to F, which is a necessary condition of the pro- 
blem, may, however, be produced by a curvature of 'AB, 
such that all the rays shall have a degree of conver- 
gence before falling on BG, sufficient to cause them to be 
finally refracted, so as to meet in F. On this acoonnt, 
they will occupy less space in passing through BC, than 
they did in passing through AC ; and thus BC will be 
shorter than AC by some quantity which shall give to 
that part of AB which is at B the amount of dovitwiard 
inclination required for causing the ray BF finally to 
converge to F ; and the line joining B and A must be a 
c2 
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curve, every point of wMch has its tangent inclined so 
as to serve the same purpose. 

To trace tangents to this curve, is therefore the next 
step in the process. The direction of the first tangent 
AZ depends upon very simple considerations ; and all 
that is neceaaary to be done is to draw a line AU (fig. 
64), parallel to BC (winch is the parallel to the diree- 



Pig. 6*. 




tioa of the reflected rays), and forming an angle CAU, 
which is, of course, equal to the inclination of the ex- 
treme ray refracted hy CB at C, with the rays reflected 
from the arc which we have yet to trace. The line AX 
bisecting this angle, must therefore be a normal to the 
reflecting surface at A, and AS drawn perpendicular to 
AX, is coitBequently a tangent to the reflecting arc. 
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We must next find the (tireotion of the aeeond tan- 
gent Z b, wbich mnst be bo inolinsd th&t the ny ¥ b 
will, after refraction at h, he reflected into the direction 
ft C ; but as the rigorous determination of this is diffi- 
cult, I shall simply describe two approximation a sug- 
gested to me by M. Leonor Frosnel. The first method 
is based upon assuming the inclination of the ray re- 
fracted at f* to the ray refracted at 0 as equal to : 

(id which expression, m Is the refractive index of the 
glass) ; a suppositioiL which ohTionsl; differs very little 
from the troth, &b small arcs ma; he aasumed as nearly 
equal to their dnea. Now, it will he recollected, that 
tiiB rays refracted at G and Z>, mnat be reflected at A and 
in a direction parallel to G h, and therefore the incli- 
nation of the reflecting surfaces, or that which should 
be formed by the tangents ZA and Z b, being half that 
of the incident rays, is, according to the assumption, 
equal to ~^^ < which may be expressed by } ft FC, m 

being eqnal to 1*61. Btit as the inclination of the two 
radii AX and BX is eqnal to the inclination of the tan- 
gents of the reflecting surf aces to which thej are nor- 
mals, we obtain for the excess B /3 of the secant of the 
reflecting arc over its radius the following expression : 
B/3=*AB.tan4BFO.* 



* The following Etepa will shew tlie mode of obtaining this ei- 
presBion : Suppose (fig 65, on following page) F n to be a raj in- 
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The value of B /3 or B ft gives, of course, the direction of 
the second tangent Z b (which miiBt be equal in length to 



cident en die BarHee BC veij neu b or B (whieb, althougli ex- 
aggimted in the fignie for mon e»»j reference, are close to- 
gether), and let this nj Fm be re&aeted in the direotkm nO, 
and draw n»' parallel to OA, the nj whidi is refracted at C, 

then will n'nO=^m . (FC= Jt>FC. Bot tin tangent AZ should 
make vfith the tangent bZ an angle eqaal J BFC, or one-half the 
iiidination of the rays refracted at b and C, which are afterwards, 
by the agency of those tangent*, to be reflected in the directions 
parallel to b C and to each other. Hence we have AX b (which 
ii the incliuatiou of the nonuak to l^iose tangents). 

But pottiiig AXB (fig. 64, p. 58) for AXt, and BFCfor&FO 

Pig. 8B. 




/ 
/ 
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AZ), whence «e easily deduce the chord of the reflect- 
ing Bide A h. 

The second mode proposed 'by M. Fresnel, and that 
which I found most convenient in practice, conBista in 
forming succesBire hypotbeBCB as to the length of the aide 
BC, and tracing the path of the incident ray FB, which 
being relracted at B, so as to make with the normal BK 
(fig. 66, on the following page), an angle =KBY=y', 
and finally reflected in the direction BO, must make the 
angle YBZ=MBC In the aame figure MBZ is a tangent 
to the reflecting surface at B, and KBF is the angle of 



(a enppodtion vbioh may be »afely made when the diffi 
to imall), tud founding upon the anali^ 

AX : AB : T R : tan AXB, we have liA = AX . tan AXB 
= AX . tan i BFC. Then 
AB" = B|8 {B)S + a AX) =. Bi8» + 2 B/3 . AX 
■nd neglecting B^, which is tbij smBll, we hare : 
BA* = B^.2AXDearl7, 

But.aWeAX.^I^ 
and labititntii^; thia value of AX we obtain : 
Rfl- 

^^-, ~BA— 
tan I BFC 

heace we liaTe, aa in the text, 
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incideiioe o(&.e laj SF before its sefraetioa at B. If 



Fig. 66. 




KBP=af, and the angle of incidence of FC=ECF^a;, 
we have BFC (which is the inclination of those raja to 
each other, and must he eqiisti to the difference of their 
angles of incidence tu the same surface) =x~af, whence 
knowing iS, we easily find a value of a/ corresponding to 
the length of Bd Then fot finding, the angle of refrac- 
tion KBY=y' we liaTB : 

. sin ^ 
am y'= 

Now, if FB be refracted,^ so as to make with the re- 
flecting side an angle eqnal to ZBY, it must (if the po- 
sition of B be rightly ohoeen) be reflected bo as to fol- 
low BC, thns making MDO=rTBZ, and calling each of 
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these angleB = /jt, ve han the r^t mgle NBZ made up 
oi fi+y' + KBE. Bat NEK clearly cqnals fi, beoanse 
it is ihe indiiifttioB of the nonnalB to BC and BZ, and 
heiLoe 2/'+2/i=dO°. This, therefore, forms aomdal 
test for the length of BC. I may only remark, that we 
already knov the numerical ralu? of y ; and that of fi 
U easily found, for /i=CBA+ABM=CBA + BAM= 
CBA + (MAO - BAG) = CBA + t (180°- «) - BAG. 
Thus knowing ft and j/, we have only to see whether 
(y'-2/*)-90'=0 
We hare now to find the length of the radius AX 
or & X (see fig. 64, p. 68), which will describe the 
reflecting surface or arc AZ 5, and to determine the po- 
aition of its centre X. We already know the values of 
t/ and y, the angles of refraction of C and &, and their 
difference y—y" gives us the inclination of the rays 
which are to be reflected (into directions parallel to C &) 
at & and at A. This qnantity is, of course, double the 
inclination of tangents to the reflecting surface AZ and 
6Z,andof theirnonnala AX and 6 X. Again, we have 
the chord line 

_ AC. sin AC 6 

and, as ^>Ove, AXb=)[(y-y') = ip 
■ jUd 

AX=oX=p=- "gin^ '~=iA6 . cosecl 9. 

And, lastly, for the co-K>rdinateB to X, the centre of 
cur? atone for the reflecting axe, we have 
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OX=p . sin OAX 
and OA=p . COB . OAX.* 
The positions of the apices A and B of the ftngtes of 
the zoDca are also easily found id reference to the fooae, 
and are given in the Tables (page 66). In fig. 67 



Kg. 67. 

y 




7e may, in reference to the known position of C, find 
that of A or B, by simply adding the qoaatitieB AH, 
HC, and BK, to Cy or C x, and by dodncting CK from 
Cy; while it is obvious that those, quantities are re- 
spectlTely proportional to the length of the knomi aides 
AC and BC, modiiied by the inclination of those sides 



• The angle OAX is eaailj fouod, as will be seen by referring 
to tig, 64, p. 56 ; for, AH 'being horizontal by construction and 
AO TSTdeal, HAO=90°; and HAC and OAD baing both known, 

OAX m 90° - (HAU +UAX) = 90° - (HAU + 1 OAU). 
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with the horizon. Hence we have AH = AO . sin ACH ; 
HG=AC . cos ACH; EK = BC . sin JiOK ; rijid CK = 
BO . cos BCK. 

In the process of grinding tli<; /niu'-:, il i< fuuiul con- 
venient for the workman to give a curved form to the 
refracting aides BC and AC, the one being made convex 
and the other concave, so that both heing ground to the 
same radius, the convergence of the rays produced by 
the first shall be neutralized by the divergence caused 
by the second. By this arrangement we have three 
points given in space from which, with given radii, to de- 
scribe a curvilinear triangle whose revolution round the 
vertical axis of the system generates the zone required. 
Co-ordinat«8 to those two centres of curvature for the 
snrf&oes AC and BC were determined in reference to . 
the arris A of each zone, and will be found in the Tables 
(page 66). The mod© of finding those co-ordinates is, 
of course, similar to that already ^ven ; and, the radii 
beiitg asanmed at 4000 millimetres, the co-ordinates are 
respectively proportionaJ to the sine and cosine of the 
indinatioT^ of the radius at A to the vertical line, which 
inclination depends upon the relations of known angles 
around A and C. 

The section ABC (fig. 68, p. 67j of the first zone be- 
ing thus determined, we proceed by fixing the point Cj 
of the second zone, which is at the intersection of the 
horizon GAC, with the ray FBCj passing through B. 
This arrangement prevents any loss of light between 
the adjacent zones. The calculation of the elements of 
the second and of every following zone, is precisely si- 
milar to that for the first. 
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TABLES of (he ElaaenU of Catadioptric Zones suited for Lights of 
the Firtt Order in the System of Augustin Fretnel. 



Table I. 







e 

[Fij. 08.) 


(Flj-SB.) 


BCA 

(Pis. OS.) 


ABC 


BAC 
AnsU of 

(Sfg.«) 




— 
1 ^ 


60 45 33 


44 06 09 


117 26 40 


31 48 10 


30 45 10 


of 


2 


56 35 38 


41 28 10 


116 00 42 


32 32 01 


31 27 17 




3 


53 05 38 


38 43 29 


114 31 20 


33 17 30 


33 11 10 




4 


19 15 38 


36 07 09 


113 58 40 


34 04 36 


32 56 44 


O 


5 


45 25 38 


33 34 19 


m 23 00 


M 53 07 


33 43 53 




6 


41 35 38 




109 44 32 




34 32 31 


1 


r 


37 45 38 


27 54 34 


108 03 30 


36 34 01 


35 32 29 




s 


33 55 3S 


25 07 53 


106 20 06 


37 26 11 


36 13 43 




9 


30 05 38 


22 20 07 


104 34 36 


38 19 23 


37 06 01 


1 


10 


26 15 38 


19 31 25 


102 47 13 


39 13 37 


37 59 21 




11 


22 26 38 


X6 41 54 


100 58 10 


40 07 14 


3S 64 36 




12 


18 42 03 


13 56 26 


99 10 50 


40 59 63 


39 49 17 




13 


16 06 03 


11 16 04 


97 26 07 


41 61 03 


40 42 49 


1 


, 1 


58 49 16 


4°3 2V 36 


117 05 56 


31 53 37 


30 55 27 




3 


55 48 55 


40 42 01 


115 35 or 


32 44 43 


31 40 OS 


! 


1 3 


51 48 33 


37 54 33 


114 00 31 


33 28 16 


32 27 13 


< 


1 * 


47 -61 111 35 07 32 


112 33 53 


34 30 23 


33 15 44 




1 ^ 


43 59 40 


32 23 06 


110 46 33 


35 08 23 


34 05 06 


B 


V 0 


40 16 34 


29 43 19 


109 10 04 


35 55 37 


34 S* 18 
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Fig. 88. 
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Table II. 




















525-000 

S07'357 


644-900 
397-403 


lllillii! 






::::: 


6 1127*66S 




1 i S 3 1 1 


829-883 
829-557 


807-657 
920-871 
1045-740 


920-000 
920-000 
920-000 
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Table IV. 





























Intluurtim of 






'^?. = 'ot 






1 


8750 "IS 


3194-76 


8466-88 


0 , . 

1 02 59 


14 38 l"l 




8252 '9C 


3306-80 


7909-94 


1 04 45 


16 32 11 


3 




34] 1-75 


(446-fi7 


1 06 22 


18 27 11 




V97r !^ 




70.-. (1-39 


I 07 51 


20 22 11 






361^^6 


6730-66 


1 09 12 


S3 17 U 




' 7082-17 


372.'5-81 


6459-63 


1 10 25 


24 12 11 


7 




3?35-23 


6234-93 


1 11 31 


36 07 11 


S 


6857-03 




6052-36 




28 02 11 


9 


6817-87 


4081-^0 


5&O2-53 


1 13 20 


29 67 11 


10 


6824-46 


422S-67 






1 62 11 


11 


6880-82 


4385-63 


5718-62 


1 12 7 




12 




4558-83 


5673*64 


1 10 36 


35 38 69 


13 


7l23'05 


4747-34 


5654-92 


1 08 IS 


37 3S 59 


1 !S67*-74 


3243-48 


837.'i-64 


1 03 09 


15 05 23 


2 


841 9-60 


3456-44 


8047-72 


1 .04 31 


17 06 32 


3 


8278-83 


368i)-41 


7823-68 


1 05 01 


19 05 IS 


1 


8252-95 


3941-89 


7701-00 


1 04 36 


SI 04 24 


S 


8835-86 


132806 


767306 


1 03 18 


23 00 10 


6 


8633-64 


4549-97 


7732-80 


1 01 16 


24 51 43 
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NoTL. -The Six eo-ordinafea of the Generating Triangle of 
each Zfine in tlis^ foreguing Tables liftve the Fooua of the Principal 
Lenses of the Sjetem for their origin ; it being considered more 
conTonient, in ezecntii^ the neeeBway jin>&«ctions, preparatory to 
the constnictioii of the grinding appamtiu, at ones to it&c the 
whole of tlie grinding mubinery to the vub of the appacAtua. 
To prevent tlie appearance of anj incoiHiBteiic^r, however, it is 
proper to mention, that the radiant points of the series of '/.unps, 
do not eiactlj ooinrade with the Focos of the Lfnsi^s nor nitlk 
each other ; and tJiat to ayoid the parallax which the distance of 
the radiant points from the origin of the oo-ordinates would oc ca- 
non, it ie neceiiarj to make some correctiona upon the linear di- 
mensioni, bo as to find the line corresponding to tlie angle* $, ^, 
and the distance A. In the Hyperpyral series, which stands above 
the Same, the Zones have the radiant point 10 millimetres above 
tlie Focus of the Lenses, and each y of this series, therefore, 
requires to bo reduced bj that amount ; while the x remains un- 
changed. In the Hjpopjral series, which stands beloui the 
flanio, the Focvia or radiant points of each Zone, varies its plaoe 
in the flame, moving upwards as the Zone is lower, bo that die 
line joining the Zones and the Foci revolves as a radiiu vector 
round a point between them. In tkie waj, the x'l remain unal- 
tered ; but the y'» will be lengthened ancoessiTel/ hj the addition 
of 10, 14, 19, 25, 32, and 10 millirngtrei. As these Tables con- 
tain the dimensions of Zones which are intended as an addition 
to the apparatus of Fresnel, I have adopted the metric scale, so 
as to render them at once applicable to the eiistiug pwtracfions 
of that ajstem. It is only necessary to add, that tile caavenion 
of millimetres into imperial inohei is eaailj efiectd bj adding 
the log. miUim^trea to the log. 2-09B16, the snm being the log, 
of the equivfdent of tlie first term in imperial inches. 
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The process of grinding the zones, which 1 shall here 
notice, is that which is followed by M. Tlieodore Le- 
tourncau, who now manufactures the apparatus for the 
NorthGvn Liglita Board, in the room of M, Francois 
Soleil, who is engaged &t St Petersburg in the same 
work. For this account, the reader is indebted chiefly ^ 
to notes which were famished to me hj M. Letoumeau 
himself. 

The glass used in all the parts of the optical appara- 
tus of the Dioptric Lighthouses is that of St Gobain, 
whose index of refraction, as already noticed, is 1-51. 

Aa well on account of the difficulty experienced in 
producing at all times regular castings of glass from the 
moulds, as in order tc compensate for the frequent ac- 
cidents, which occur in the first application of tho rub- 
bers to the inequalities of the surface of the glass, the 
castings, whether for rings of lenses or prisms, we made 
from monlds, exceeding the intended size of the finished 
pieces by one-eighth part. 

We shall take as an example, which is well calcu- 
lated to illustrate the difficulties of the grinding pro- 
cess, one of the prismatic rings of a Gatadioptrio Light 
of the first order. The first operation will he, to take 
off the rough arris at the angles of the pieces as they 
come from the moulds, aod to reduce to equality the 
length of each of the four qnadrantal prisms or seg- 
ments by removing from each, the quantity that may 
be necessary to make those four pieces, when placed on 
a circle, exactly equal to that of the finished zones. 
Each of them must have an excess of material at the 
various surfaces just sufficient to insure the rubber hav- 
ing scope enough to remove all the flaws or defects of 
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the two aurfafies to be first ground, which are the {eon- 
cave and convex) refracting faces of the zone (the aides 
AC and BC in fig. 68, p. 67). 

The pieces must be placed end to end on the hori- 
zontal plsine or table of the lathe at A A (fig. 73), and 



muat reat on the exterior arria A of the reflecting side, 
on which arria there is groiind a narrow plane, whose 
width is proportionate to the projection of the outer 
edge bejond the inner edge of the zone, foreshortened 
by the bevel or inclination of the reflecting side, when 
resting (as in fig. 73) on the circular Iron belt, which is 
screwed to the table of the lathe provided for its recep- 
tion. This narrow plane at the arria A should be suffi- 
cient to give the priam a solid and regular bearing on 
the circular iron belt. In this figure (fig. 73) a 6 is the 
vertical axis of the lathe, n the point from which the 
horizontal co-ordinate for 0, the grinding centre for the 
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exterior concave refracting surface AC is measured, and 
e AC tlie direction of t!ie arc swept by the grinding sur- 
face. Convcvfciy, ji' is the origin of the horizontal co- 
ordinau; for the grinding centre <) of the interior con- 
vex: refracting surface BC, and e OH the direction of the 
arc Bwept by its grinding surftioc.' Some skill is re- 
quired in fixing the pri.-ira on the belt, for, on the one 
hand, there is an obstacle to cori'oct workmanship from 
the dragging motion of the platform, and on the other, 
by the unequal subdivision of the weight of the glass, 
which should be nearly balanced. The narrow plane, al- 
ready noticed, being perfectly adjusted for all the aeg- 
ments so as to bed them quite level, the circular iron belt 
on vhick the ring should be ground, ia placed on its plat- 
form, in the manner represented in the figure. It should 
be as truly lerelled as possible, otherwise all the eubse- 
qneiit operations will be deranged by it. This iron helt 
is heated by ineSinsofheatingiKHw/ andthe degree of 
beat may be pracfaoally judged of fay the ebnllition 
of drops o{ water let fall on it. The segments of glass 
are also at the same time plac^ in a stove heated with 
steam, and are generally raised to about 120° centi- 
grade. The difference between the tinre required for 
the two operations of heating the iron belt and the 
glass segments is employed in laying or bedding a quan- 
tity of cement on the reflecting side of the segment, so 
as to fill up the angular apace between the glass and 
the iron belt, and also to serve as a seat for the seg- 
ment in the manner shewn in fig. 73. Thia operation 

* Tbe TCrtical co-ordinates are measored in eveij case from 
Ifae level of A the outer sni* of tlie nme. 
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is performed (in ii plaue KurfLice, in order that the lower 
part of the masiic may be precisely on a level with the 
narrow plane already ground on the outer arris of the re- 
flecting side. After being sure that the heat is equally 
spread over every part of the circular iroB helt, the seg- 
ment ia nrriineed on it ; and the workman must, at this 
jnncture. exert all his skill in placing the parts of the seg- 
ment m a position nearly concentric with the belt, or in 
atrulv wrouiar lorm. making due allowance, however, 
for the inequalities esiating at various parts of the 
rough material, and at the same time taking care that 
there ahould be an interval of at least two millimetres 
(or ahout r'yt'k inch) between the ends of ea«h of the two 
macent segments. Without this interval the heat 
erblved during the polishing would either dilate the 
glass so much as to cause the ends of the eegmente to. 
fly into splinters, or make it needful to remove the eone 
before tbis should take place, the inevitable conseqoence 
of which would be the fracture of the pieces. Those in- 
terrals between the segments are filled with statuary's 
plaster, which must be carefully washed and brushed at 
each change of the 6mery employed ia grinding. 

The exterior diameter of the circular iron belt must 
be precisely equal to that of the ring, because, if larger, 
the free movement of the mbbers to and fro ou the 
concave refracting surface AO (fig. 73) could not tako 
place. 

By what is already said, it will be obvious that ihe 
grinding process is begun at the refracting sides AC 
and BC, and a few words will shew that this could 
hardly he otherwise. If a commencement be made on 
the reflecting side, which appears at first sight more 
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natural, tbe consequence ie obrions. Having provided 
for an exccBs of material in every direction, tlie seg- 
ment must conseqnentiy be larger than it will be when 
finished ; and the surfaces therefore cannot be true and 
perfect, except they be ground throughout their entire 
segmental seolion, from their centres of curvature, in 
reference to some given apex of ibe generating triangle. 
Now, if the rejecting side were finished first, it might 
continue to poBseas this excess of size after being 
finished, and would, therefore, afi'ord no accurate starts 
ing point for the grinding of tho other surfaces ; ii 
would al.^o present no snrftir.v or narrow plane for rest- 
ing firmly on tlie iron bolt, but would then depend 
merely on its own finished plane, which, being curved 

Fig. 74. 




U '2 
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and considerabl; inolined, would not give a solid bear- 
ing for the glass. The other mode of commencing with 
the two refracting sides, on the contrary, gives a solid 
bearing on the narrow plane already ground on the re- 
flecting side at A ; and after those surfaces have been 
^nnd, and the segments inverted (as shewn in fig. 74), 
the outer edge of this narrow piano at the arris A, 
which has been fully defined by the interseotdon irf the 
finished surface AC jost ground, and also the apes at 
0, which has been determined by the intersection of 
AC and BC, combine to fix an accurate starting point 
for the rubber, in grinding the reflecting surface 
AB. 

Dressing off iJie rough part of the ring ia the first 
step. This is generally done by means of fixed rub- 
bers, the adjustment of which is more easily regulated 
than that of the moveable beam or radius of the arc, 
which is used to give the exact curvature of the surface. 
Those fixed rubbers arc 150 millimetres (nearly 6 
inches) wide, by 200 millimetres (nearly 8 inches) long, 
and are of cast-iron. Three such rubbers are placed at 
equidistant pointa of the circle. Two cutters of sheet- 
iron attached to arms placed vertically (as are also those 
which carry the rubbers), and moving in grooves ra- 
diating towards the centre of the lathe, so as to admit 
of adjustment to suit the varying radii of the zones 
serve gradually to abrade the outer and inner arrieses of 
the segments, so as to prevent the splintering to which, 
from becoming too sharp, those arriases, without this 
precaution, would be liable. Those rubbers are, be- 
sides, fixed by stems to frames, in the form of quadrants 
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of the circle, which ftllow of a change in the direction 
of the planes, as occasion may require. 

Instead of the ulioeons sand formerly used, the powder 
of ponnded freestone is employed, as it is found to wear 
tiie tools less, and toform a better preparation for the snh- 
Bcqnent grinding operations. It is easy to conceive that 
tiie action of the fixed rahbers necessarily produces rats 
or inequalities in the circular direction. The operation 
of rough dressing, therefore, is not finished until, when 
tiiose first rubbers are removed, the surfaces of the seg- 
ments have been subject, for the required time, to the 
action of moveable ruMn'rs. attaclied to arni^ working f^'' 
radii of curvature, in a plane tit right angle? to the hori- 
zontal movement of the lathe, which carries the zones. 

The emery grinding is the second step. The form of 
the segment should be nearly perfect, after the rough 
grinding is finished. The lathe and the zone are then 
aubjected to an extremely careful washing. Every place 
where the stone-powder might adhere is dusted. The 
radius of curvature is verified afresh, agreeably to the 
co-ordinates in Tables IV., V., and VI. ; and emery is 
used instead of powdered stone; beginning with that 
called No. 1, which is drawn after suspension in water 
for one minute. Brushes are used for spreading the 
emery on the surface of the glass. The quantity ought 
always to be sufficient to prevent the direct contact of 
the cast-iron rubber with the glass. Splintering or 
scratching, which cannot be easily efi'aced, may result 
from the neglect of this precaution. 

I^actice al<»ke, and an eye duly trained by eimtiniial 
experience, can determine the poiat of time at whieh 
each kind of emery mast be diacontinued. The celerity 
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of the work depends on circumstanoeB very difficult to 
appreoi&te, snoli as the amount of the preasnre of the 
rubbers, or the degree of acenrac; vith which the radius 
of ourratnre has been adjusted, during the rough grind- 
ing. Each kind of emery in succession thus corrects 
the form of the lone ftnd refines the grtun of the sur- 
face of the glass ; and each change to a fresh material 
requires the same attention to cleimliness, so as to re- 
move erer; trace the substance last used in grinding, 
md thus to give each successive process its fall and legi- 
timate effect. The douci is the fifth and last kind of 
emery which precedes the polish. It is drawn off after 
ten minutes' suspension in water, and is extremely fine 
Before applying it, the greatest care is necessary te in 
sure cleanliness, as a single grain of any of the preced- 
ing kinds of emery might cause scratehes, which the 
polish cannot remove. 

Next follows the poliah. The same oonsi deration a 
which induce the workman most carefully to cleanse 
the lathe and everything conuL-cted "itli it, hef'ure em- 
ploying tiie last emery called the douci, arc still more 
urgent in the case of the final polkh. The only change 
which is made at this last stage of the work is to re- 
place the first rubber by a new i>ne, both longer and 
wider by about 50 millimetres {nearly two inches). On 
its lower face is laid, with cement, a piece of soft car- 
pet, whose edges are fixed to the rubber by means of 
lliit bands of iron, attached with screws. This security, 
addevi to that given by the cement, is necessary to fit it 
to resist tiie great pressure it must sustain. A practical 
question, which experience alone can resolve, occurs 
at this stage, as to the proper tjme of commencing 
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the operation of poliehlsg, which, in the hands of on- 
skilful persons, may be so inopportunely begnn u 
to make that work almost endless. Thus, the mere 
circumstance of spreading at the beginning too thick 
layers of rouge, or using unsoitable kinds of carpet, 
would cut scratches in the glass, and thus perhaps 
toake it necesaary to return to the use of the emery 
called douci. Sometimes, also, if the carpets he not 
washed at the very time of using them, scratches are 
formed by the dust which they may contain. This 
shews, that the use of rouge should he rather sparing 
than otherwise, at the comniericonioTit of tlit' polish ; 
and that the carpet-cloths slumld \n' liruribcd smtl washed, 
as M. Letourneau says " tuiiee ratiicr than once." In 
all cases, the quality of the carpet forms an important 
element in the success of the working. 

When the polish is finished, the ring is detached from 
the circular belt, simply by the tap of a hammer, on the 
inner edge of the circle. The division of the Boues 
(which are quarters of the circle) into ei^ldhs, is done 
by means of a sawing machine consisting of a Hat cop- 
per-wheel, one-half millimetre (jV inch) in tliickness. 
attached to an arm with a counterpoise. This wheel 
descends and cuts the zone by means of emery, which 
is continually applied to it ; the direction of the cut is 
radial. The two halves of the zone are detached from 
each other, as soon as their weight exceeds the resist- 
ance of the part which remains to be sawn. 

Lastly comes the adjustment of the prisms in the 
frames, an operation which is not without risk. Much 
oare is required in handling the sharp arrieeet of the 
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glaBB, which am mrj acnte and delicate and at tih« 
same time lie in a cnrred direoti<»i, which makes tiiem 
liable to be splintered in the hands of unskilful persons. 

The plane Tcrtical surfaces of the annular lenses, and 
the central band mi rings of the dioptric belta of £xed 
lights, are ground hj means of vertical mbbera with » 
rec^irocating movement ; and all the plane sur&ces are 
ezeonted by hand on a flat table. 

The cement for fixing tlie glass m the lathe is com- 
posed of 8 parts Swedish pitch, and 1 part of wood 
ashes. The whole is heated in an iron pot until full; 
liquified and thoroughly mixed. The cement is used 
almost in a, state of ebullition, so that it cannot be 
handled without the precaution of continually dipping 
the hand- In oold water. 

The cement used for the adjustment of the pieces of 
glass which touch each other consist of 12 parta white 
lead, 1 p;irt minium or red lead, and 5 parts boiled lint- 
seed oil, Tlie whole is pounded on an iron table 1^ 
means of a flat mullet, like that used 
hy painters (fig. 75), whose grind- 
ing surface is a b, and c the knoh 
for the hand. This cement is ap- 
plied liquid no as to offer no resist- 
ance to the close union of the [pieces, " 
which it is intended to unite. 

The cement for filling up voids, and fixing the rings 
ill the frames, is composed of 12 parts white lead, 3 parts 
whiting, 1 piai; minium, and 4 parts boiled lintseed oil. 

last composition differs from the former only in tiie 
introduction of whiting, which, while like mininm it has a 
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desiocatiTe property, gires more body to the Gemeut and 
prevents the formation of cracks. The oil is also de- 
creased in quantity, as the cemeot must be used in a 
more compact state. The trituration of this cement is 
performed by means of a cylindrie iron roller a b, witk 
a oentre-spoke c d for the hand (fig 76). 

Pig. 76. 




It is essential for the production of good cement, that 
the mixture of the ingredients he complete. 

The expense of the various parts of the Dioptric ap- 
paratus is as follows : Great lens of first order, £58 
(8 of which are required) ; pyramidal lens and mirror, 
£14, 12g. (8 of which are required) ; catadioptric cupola, 
for 360° of bonzon, £460; oatadioptric rings below 
lenses, £360 ; panel of dioptric belt for fixed lights of 
first order, £56 (of which 8 are required for &e whole 
circle) ; apparatus of fourth order, for a fixed light, for 
whole horison, £128; apporatna of sixtii order, for whole 
faoriion, £44. The expense of the mechanical lamcp of 
the first order with four wicks (with framed ^pod uid 
acynsting screws, as made for the Scotch lighthooses), 
is £80. 

I next proceed to consider what mode should be fol- 
lowed in testing the accuracy of the zones. For &is 
purpose, various expedients suggested themselves, sack 
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as the application of ganges in the form of a radius, 
h&ving at one end a plate with a triangnlar space out 
through it, equal and Bimilar to the oross section of the 
Bone. The honzorttal motion of this arm would, of 
course, detect the inaccuracies of the socoeBsive sections 
of the inclosed zone. The application o£ audi a gauge, 
however, seemed difficult, and in order to test the form 
of the zones, I satisfied myself with using callipers 
(similar to the eliding rnlea used hy shoemakers) for 
measuring the length of the aides of the zone, and a 
goniometer for the angles, which is shewn in the figure 
(fig. 77), in which ABC represents the prism, with one 



angle inclosed between the arms AC and AB, moveable 
round a centre 0, and RR the graduated limb. This in- 
strument, however, is inconvenient and defective, as the 
convexity of the sides AB and EC of the zone requires 
some skill iu getting the arms to be tangents to them. 

A practical test, moreover, yet remained to he made of 
the zon 9S when fixed in the brass &ames, and assembled 
around the common focus of the system (as shewn in 



F^. 77. 
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Plate Vm.), by measuring the final iDaccuracy in the 
path of the rays emergent from them, I have sncceBB- 
fully used the following mode. Having mounted the 
frames containing the zones on ii ciirriii^^i- revolving round 
a amall flame placed truly in the emiiinon focus, I care- 
fully uiarkcil with a piece of joap the centre of tlie emer- 
gent surface AC of ciicli Kone (tig. <i8, [i. (17) ; and having 
attached to a vertical rod of metal a telescope, provided 
with a spirit-level and cross-hairs (for cutting the centra 
of the image of the flame reflected through the zone) in 
sttch a manner as to he capable of sliding on the rod, I 
observed the cutting of the centre of the flame by the 
cross-hairs. In the case of any aberration from a nor- 
mal emergence of the central ray, I had thus the means 
of at once determining its amotmt and direction. The 
telescope was moved up or down, and its horizontal incli- 
nation was varied until the axis of the inBtriiment co- 
incided with the direction of the ray emergent from the 
centre of each zone, which was made to circulate round 
the flame, the ohserrer noting any change in the posi- 
tion of the reflected image of the flame, and causing an 
attendant to mark the zones in which the change oc- 
curred, that they might again he subjected to separat« 
examination of the same kind, by adjusting the tele- 
scope to the error of each. The inclination of the tele- 
scope, and the consequent aberration of the ray, was then 
measured by a graduated arc, with an adjusting spirit- 
level, moved by a rack and pinion, which were attached 
to the telescope. By this method I have succeeded in 
detecting the inaccurate position of some of the zones 
in the &ame ; and the error has been reduced by care- 
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taHj reBetting tiiem, so as to diminish considerablj the 
aberration of a great proportion of tte emergent raje. 
Another test, however, remained to Ite applied to the 
zones, when finally arranged in their places on the 
frame ; and the mode which I foAind most eonvenient in 
practice was simply to moasiiro the implements of the 
vertical inclination (givcii in Table III,, page 70) of 
each surface of the zone, and more especially that of 
the refleetiug surface, hy meana <^ the instnimenti 



Kg. 78. 




shewn in figures 78 and 79, ^ter the zones were fixed 
in their place. The figure (No. 78) shews the mode of 
measuring the inclination of the reflecting side AB of 
Pig, 79. 
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a zone of the upper series; &nd the second (No. 79) 
shews the poaition of the instrument when applied to the 
reflecting side AB of a zone of the under series. In 
those figures, L is a spirit-level ; li, b, graduated limb 
for reading tlie angular deviation from the true incli- 
nation of the tangents to e;ich surface ; and SS are 
fltuds wliich rest on the convex surfaces AB and BC of 
the aones, so as to make the ruler parallel to the tan- 
gents of tlio.se .^ides. I liave only to add, that I have 
restricted the error in the position of the reflecting 
side of the zones to 50' as an extreme limit ; and I 
have inyariablj endeavoured, in altering the position of 
the zone in the frame, to throw any error on the side 
of safety, by causing the rays to dip below the horizon, 
rather than to rise above it.* 

* In cmiieotion with &e obo of tlie diiiometer, I detennined 
Hia indiuatioiu of the tangents or cbords of the tiiree carre tut' 

Fig. 80. 




\ 



\ 
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The mode of framing the greater zones is nearly the 
same as that used for the Small Harbour Light appa- 
ratus of the fourth order. The chief difference con- 
sists in the diagonal framing, which I adopted for sup- 
porting the cupola of 13 Kones, wliieh, from its great 
weight, could rot be safclv made to rest on the dioptric 
belt below. It U slu-wn in Platos VII. and VIU., and 
accords with the mode of idhirlng thi' ri^fractors already 
described. This system ha;; now boeo rendered still more 
complete hy the adoption of lantorua composed of dia- 
gonal framework, afterwards described and shewn at 
Plate X. 

We have next to consider the great Lamp, to the 
proper distribution of whose light, the whole of the ap- 
paratus, above described, is applied. Fresnel imme- 
diately perceived the necessity of combining with tha 
dioptric instruments which he had invented, a burner 
capable of producing a large volume of £ame ; and the 
rapidity with which he matured his notions on this sub- 
ject and at once produced an instrument admirably 
adapted for the end he had in viewv a^rds one of the 
many proofs of that happy union of practical with theo- 
retical talent, for which he was so distingniBhod. Fres- 
nel himself has modestly attributed much of the merit 
of the invention of this lamp to M. Arago ; but that 



facea AB, BC, and AC of each lone to NP. the axis of the 
(jttem, bj means o£ the obvious relations of the Miown angles 
about C, A, and B. ThoBe inclinatioiu (fig. 60) are shewn !>;■ 
the an^s BNO, BON, and' OFF ; and are given in &e Table of 
tlie Zones, No. HI. 
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gentluman, with great candour, gives the whole credit 
to his deceased friend, in a notice regarding light- 
houses, which, appeared in the Anmiaire du Bureau det 
Longitvdes of 1831. The lamp has four concentric 
burners, which are defended from the action of the ei- 
eessive heat produced hy their united flames, by means 
of a superabundant supply of oil, which is thrown up 
from a cistern below by a clockwork movement &nd 
constantly overflows tJie wicks, as in the mechanical 
lamp of Carcel. A very tall chimney ia found to be 
necesaary, in order to supply fresh currents of air to 
each wick with snfGoient rapidity to support the com- 
bostion. The carbonisation of the wicks, however, is 
by no means bo rapid as might be expected ; and it is 
even found that afber they have snfiered a good deal, 
the flame is not sensibly diminished, aa the great heat 
evolved from the mass of flame, promotes the rising of 
the oil in the cotton. I have seen the large lamp at 
the Tonr de Cordoan burn for seven honrs withcnt being 
snoffed or even having the wicks raised ; and, in the 
Scotch Lighthonses, it often, with Colza oil, maintains, 
untouched, a full flame for no leas a period than seven- 
teen hours. 

The annexed diagrams will give ;i perfect idea of the 
nature of the concentric burner. The first (fig. 81) 
shews a plan of a burner of four concentric wicka. The 
intervals whicli separate the wicks from each other and 
allow the currents of air to pass, diminish a little in 
width as they recede from the centre. The nest (fig. 82) 
ghews a section of this burner. C, C, 0", C" are the 
rack-handles for raising or depressing each wick ; AB 
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is the horizontal duct which leads the oil to the fonr 



rig.BI. 




wioke ; L, L, are smell plates of tin by which the 
borners are soldered to each other, and which are so 
placed as not to hinder the free passage of the air ; P is 
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a clamping screw, wtich keeps at its proper level the 
gallery R, R, whicli carries the chimney. The next 
figure (No. 83) shews the burner with the glasB chimney 
and damper. E is the glass -chimney ; 
F is a sheet-iron cyiiiKlcr, which serves 
to give it a greater length, and has a 
amall damper D, capable of being 
turned by a handle for regulating the "^^n^ 
currents of air; and ii is the pipe which 
supplies the oil to the wicks. The only 
risk in using this lamp arises from the 
liability to occasional derangement of 
the leathern valves that foree the oil by 
means of clockwork ; and several of the 
lights on the Frenoh coast, and more 
especially the Gorduau, have been ex- 
tinguished by the failore of the lamp 
for a few minates, an accident which 
has never happened, and scarcely can 
occur with the fountain lamps which 
illuminate refleetorfl. To prevent the occnrrence of 
such accidents, and to render their consequences less 
serious, various precautions have been resorted to. 
Amongst others, an alarum is attached to the lamp, con- 
sisting of a small cup pierced in the bottom, which re- 
ceives part of the overflowing oil from the wicks, and is 
capable, when full, of balancing a weight placed at the 
opposite end of a lever. The moment the machinery 
stops, the cup ceases to rt'c.-iu-' ihc supply of oil, and, 
the remainder running oui id rhr lj,,Ll,)ni. tin; equili- 
brium of the lever is destroyed, so that it falls and dia- 
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engages a spring which rings a bell sufficiently loud to 
waken the keeper should he chance to be asleep. It 
may justly he questioned wlietlier this alarum would not 
prove a temjitatioii to the keepers to relax in their 
watchfulness and fall asleep ; and I have, in all the 
lamps of the dioptric lights on the Scoteli coust, adopted 
the converse mode of causing the bell to cease when the 
clockwork stops. There is another precaution of more 
importance, which consists of haviiif^ always at hand in 
the light-room a spare lauip, trimmed and adjusted to 
the height for the focus, which may be substituted for 
the other in case of accident. It ought to be noticed, 
however, that it takes about twenty minutes from the 
time of applying the light to the wicks to bring the 
flame to its full strength, which, in order to produce its 
best effect, should stand at the height of nearly four 
inches (10™'). The inconveniences attending the great 
iftmp have led to several attempts to improve it ; and, 
amongst others, M. Delavcleye has proposed to substitute 
a pamp having a metallic piston, in place of the leathern 
Talves, which require constant care, and most be fre- 
quently renewed. A lamp was constmoted in this man- 
ner by M. Lepaute^ and tried at Corduan ; but was after- 
wards discontinued until some of its defects could be 
remedied. It has lately been much improved by H. 
Wagner, an ingenious arf ist, whom M. Fresnel had em- 
ployed to carry some of Ma improvements into e£flsct. 
In the dioptric lights on the Scotch coast, a common 
lunp, with a large wick, is kept constantly ready for 
lighting ; and, in the event of the sudden extinction of 
the mechanical lamp by the failure of the valres, it is 
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only necessary to unscrew anil remove its burner, and 
put the reserve-lamp in itn place. The height of this 
lamp is so arranged, that its flame is in the focus of the 
lenses, when the lamp is placed on the ring which sup- 
ports the burner of the mechanical lamp ; and as its 
flame, thuugli not very brilliant, has a considerable 
volum(\ it ;iiiriwer.s tlii' purptwe of maintaining t!:e light 
in a tolerably efficient state for a sliort time, until 
the light-keepers have time to repair the valTOs of the 
mechanical lamp. Only three occasions for the use of 
this reserve-lamp have jet occurred. 

The most lulvantageoiiB heights for the flames in 
dioptrio lights are as follow ; — 

Inchea. 

lit Older, . ID to 11 centimetres = 3-94 to 4-33 

2dOrdei, . 8 to 0 =315 to 3 54 

3d Orfer, . 7 lo 8 = 2 76 to 3-15 



Those heights of flame, however, can be obtained only 
hj a careful adjustment of the heights of the wicks and 
the reladre levels of the shoulder of the glass-Chimney 
and the burner, together with a due proporUon for the 
area of the opening of the iron-damper which snrmonnta 
it. The wicks must be gradu^y nused during the first 
hours of burning to the level of 7 millimetres (0-27 inch) 
above tJie burner, a height which the; may only very 
rarely and but slightly exceed. By raising the shoulder 
of the glass-chimney, the volume of the flame is in- 
creased; but, after a cerfiun height is exceeded, the 
flame, on the other hand, becomes reddish and ito 
brilliancy is diminished. The height of the flame ia- 
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iBereaaei, and it becomes whitw b; loweiiag the chim- 
ney. The chimney is lowered or raised by simply 
turning to the right or to the left the cylindric glasB- 
holder in which it rests. In regulating the flame, how- 
ever, recourse is moat frequently had to the use of the 
damper, by enlarging the opening of wliiiih the flame 
falls and l)ei;oinf's whiter and purer ; while by diminish- 
ing itH aperture, the contrary cftcct ia produced. The 
area of the opening depends on the ineiinatiou of a 
circular diae capable of turning, vertically through a 
quadrant, on a slender axle of wire, which ia commanded 
by the light-keeper by means of a fine cord which hangs 
from it to the table below. When the disc (see fig. 83, 
p. 95) is in a horizontal plane the chimney is shut ; when 
in a vertical plane, it is open ; and each intermediate 
inclination increases or decreases the aperture. 

I need scarcely add, that in order to produce the pro- 
per effect of a system of lenses or refractors, the vertical 
axis of the Same should coincide with their common 
axis ; and it is further necessary, ia order to bring the 
best portion of the flame into a suitable position with 
reference to the apparatus, that the top of the burner 
should be quite level, and should stand below the plane 
of the focus in the following proportions, via. ; — 

For let Older, 28 ]iiiUiingtres= I'lO inch. 
... 2il Older, 26 ... =l-Ofl ... 
... SacaflOT, 24 ... ^O-BS ... 

. Fo33 tiie pnrpoEie of placing' thp lamp in the centn. of 
tihe apparatuB) a plumbet hayijxg a-, sharp point, is sna- 
pftaded in the axie of the ^panatuSi.to indicate, by ita 
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apex, the place for the centre of the burner. The 
lami) irf tlien raised or lowered as required by means 
of four adiuHtmjr si;rews at the bottom of its pedestal ; 
and thp top ot tlio burner is made honzoutal by a 
gpint-lcvel. the most convenjent form of wbich la that 
ot the spherical segment, which acts in every aajmuth. 
Its applieatioji to this purpose is due, I believe, to M. 
Iietoumeau, the successor of M. Francois m the conatrnc- 
tion of dioptric apparatus at fans. THis ierel is shewn 
in the annexed figure (fig. 8i), in which a 6 ie the^brasfl 
frame containing the level, and 0 ^..^ 
the air-bubble ; and c stews circles of 
equal attitudes engraved on the glass. 
Afterthe first application of this level, 
die adjnstmeittof tiie burner as to its 
eftntrftl' poeition is careftilly repeated 

means of a centre-gauge (sbevn at 
fig-. 89; p. 106), which is applied to the Tertex of ieaoh lens, 
or to many points on the interna! Burt^ of the refract 
tors ; and being found correct, the level is again affiled 
to the top of the burner, to dot«ct any deviation from 
horizont&lit^ tliat may have occurred during the pro- 
cess of adjusting it to the axis. 

The lamp is subject to derangement chie^ from the 
Btifibess of the clack^TalTcs for want of regular oleui- 
ing, from bursting of the lea'Bieni valVes of the oil-box, 
Btitfness of the regulator; or the wearing of tile bevelled 
gearing which gives motion to tiie oonneotingirod' th^ 
works the valves of the oil-pumps. 

The pumps of tile lamp should nuse, in a g^ren tim^ 
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f<mr times the quantity of oil actually consumed in 
maintaining the flame during that time. Their hourly 
produce should he, 

lb. KT<drdiqHii. 
For tbe lamp with four wicke, , . . €'615 

three wicks, . 4-410 

two wields, , . Mi75 

This Burphis of thr<:e tiiru^s what is burned is neocssary 
to prevent the wick from being cavbuniscd too (juickiy ; 
and it has been found quite Huffiinont for that pur- 
pose. The discharge from the pumps is, of course, re- 
gulated by changes in the angle of the fans of the re- 
gulator, or in the amount of the moving weight. 

In preparing the leathern valves of the pump-box or 
chamber, shewn in Plate IX., care must be taken that 
they be neither too flaccid from largeness, nor too 
tense from smallness ; and also that, after being fitted, 
they draw no air. To remove the old valves and replace 
them by fresh ones, is a very simple process, more espe- 
cially when a proper die or mould is used, which at once 
cuts the kid-leather, of which the valves are formed, to 
the required size and squeezes them into the proper eli^te. 

The focal point for the lenses and refractors is in the 
centre of the flame and on the level of its brightest film. 
The choice of ft focus for the zones naturally formed a 
most important practical conuderatdon in their arrange- 
ment For the upper zones, M. Fresnel had adopted a 
point in the centre of the flame 10 millimetres above the 
focus of the lensea, so that all the light below that point 
necessarily falls between the horizon and the lighthouse ; 
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but for the lower zones, it was necessary, owing to their 
arrangement, for the sake of convenience, in a cylin- 
dric form, to adopt a separate focus for each zone, 
receding from the adjacent one, in the direction of the 
centre of gravity of that part of the flame which woold 
light each zone. In this manner (fig. 85) tbe foci of 
Fig. as. 




the zones move upwards from <j to / in proportion to 
tibe depression of the zones a, h, c, i, e, f, so that the 
line joining each zone and its focns, must revolve ae 
a radMtt vector round some point 0 between them- Tho 
detuls ef this arrangement are shewn in Hate VHI. ; 
and are also given in the Tables of the Gatadioptric 
Zones. 



Digitized by GoOgle 



102 DIOPTRIC SYSTEM OF LIGHTS. 

In the are next the land, in fixed lights, a great loss 
of light ensues from the escape of the rajs uselessly in 
that db'ection. So far Imck as 1834, I sufigested tha 
placing a segment of a aphcrical mirror, with its ocntre 
of curvature coincident with 1'' the focus of the system, 
80 that the luminous pyramid MFM, of which the mirror 
MM forms the base, might be thrown bact through the 
focal point and finally refracted into asch & direction as 
to contribute to the effect of the lens QA q in seaward 
and oppodto arc. In the diagram (fig. 8^, r r indicate 




rays proceeding directly from F ; r' r' rays reflected 
from MM through F, anil finally refracted at QA g ; 
and 1^ 5*" is the beam compounded of both. In the best 
glass-silvered mirrors, this accession of light would 
amount to nearly half of the light incident on them. 
In such an arrangement, a considerable radius is de- 
sirable to decrease the amount of aberration produced 
by a large flame. In the case of revolving lights of ths 
first order, the radiaB would, of oom^e, be liiBited to 
somewhat less than three feet, which ia the focal dis- 
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tance of th(! lensef^, between whicli and the focus, tlie 
reflecting segment must be placed ; but in fixed lights, 
the lantoru i,i tlie limit of radius, so that a focal length 
of five foot ton inches may be obtained, M. Francois 
groAind some bcautifa! mirrors of three feet radius, 
which vfn- iiftcrwards silYered by his successor, M. 
Letouriieau, hy some process similar to that patent«d 
by Mr Drayton of l.ondon, by depositing a thin film of 
silver from a spirituous solution of the nitrate and 
that gentleman has successfully completed the construc- 
tion of reflecting spherical segments 1200"""' square 
I'iibout l(i superficial feet), to a radius of 1770""°- (5 feet 
iO inches), which subtend a vertical arc of about 40°. 

The anangements of the dioptric apparatus in th« 
lightroom will be more fully understood by referring to 
the Plates. 

Hate V. shews an elevation of a revolving dioptrie 
apparatus of iihe first order ; F is the focal point, in 
which fke flame is plaoed ; L, L great annular lensci^ 
fomung by thw union an octagonal prism, with the 
lamp in its axis, and projecting, in hmsontal beams, 
the li|^t which they receive &om the foons ; L' L', the 
upper lenses, forming by their union a frustum of an 
octagonal pyramid of 50° of inclination, and having 
their foei coinciding in the point F. They parallelise 
the raye of light which pass over the lenses. M, M are 



* See no^<^a flimilar pracew praotiMdaboiittbe 7Mt17M 
bj Mr Eogsra of London, emtt, p. 3, Part II. 
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plaDf mirriirs, placed above the pyramidal lenses I/, 
and KO inclined as to project tlie beams reflected from 
ilicm in planes parallel to the horizon ; '/., 'A are the 
lower zones, first used at ■Skerrjvore, in tlie room of 
the curved mirrors which were used at Cordiian. The 
lower part of Plate V. shews the moveable framework 
which carries the lenses and mirrors, and the rollers on 
which it circulates, with the clockwork which gives mo- 
tion to the whole. 

Plate VII. shews a section of a fixed dioptric light of 
the first order. F is the focal point in which the flame 
is placed ; R, R cjHndric refractors, furraing by their 
anion a prism of thirty-two sidcH, or a true cylinder, 
with the lamp in its axis, and producing a zone of light 
of equal intensity in every point of the horizon ; ABC 
and A' B' C shew the upper and lower zones which sup- 
ply the place of the mimra shewn at M, M, in Plate 
VI. ; while DEF shews the oylindric helt as littely im- 
proved, with the diagonal j<mit8 M, N, C ; and X, X, 
represent the diagonal supports for the onpola ABC. 
This plate, in connection with the enlarged section of 
the same apparatus at Plate VIU., affords a complete 
explanation of the arrangement of all the parte. 

In Plate VI. M. M are the curved mirrors, ranged in 
tiers ahove and helow the cylindric refractors, and hav- 
ing their foci coinciding in the point F ; the effect of 
the mirrors increases the power of the light, by collect- 
ing and transmitting the rays which would otherwise 
pass above and helow them, without increaaing the effect 
of the light. The elements and dimeueions of the mir- 
rors are given in the Plate. 
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For the purpose of arranging the various parts of the 
dioptric apparatus in their proper positions, three gauges 
are empIoTed. The first (fig. 87) ia for ascertaining that 



Pig. 87. 




the lenses Z, I, are inclined to eaoh other at the proper 
horisontsJ aUgle, so that their axes shall meet vith the 
proper inolination in F the focus. This is done bj 
means of tro axms, whose projecting points r, r, r, r 
touch the backs of the lenses, vMle the graduated arc 
e indicates the inclination of i, Z, to Z, I, or the comple- 
ment of that inclination at F. 

Again, for ascerttuning the Tcrticality of the main 
lenses, or for setting the subsidiary lenses or mirrors 
ahevn in Plate Y., at the required angle of inclination, 
recourse is had to a clinometer (fig. 88) touching the 
back of the lens LL by means of studs at A, A, while 
the spirit-Ierel S indicates, on the graduated limb, the 
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amount of deviation from the vertical position of the 
instrument, whether accideutal or intentional. 




I^tly, to teat- the true position of the lamp itself, 
with reference to the lenses thus properly arranged, we 
apply a radiua or trainer (fig. 89) which fits into the 



Mg.sa. 
I 
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eentire burner at F, while its point A toochea ib.e centres 
of the lenaea I, I. At B ia a graduated slide, which ad- 
mits of the trainer being lengthened or shortened to suit 
various foca! distances ; and the spirit-level at c at once 
corrects any error in the length of the trainer arising 
from depression or elevation, and also fierves t<i indicate 
the proper level for the burner «bith is noticed at page 
98, in speaking of the lamp. The dotted line F c' F A' 
shews the position of the trainer in reference to an ad- 
jacent lens. 

The elegant apparatus invented by Augustin Fresnel 
for harbour lights, on rlie same principle as that just 
described for sea-lights, y sliewiL (iig. ill), next page). It 
consists of thirteen rings of glasii uf various diameters 
arranged one above anotlier, in an oval form. The five 
middle rings have an interior diameter of II '81 inches 
(30™-) and, like those of the larger apparatus, refract 
equally over the horizontal plane of the focus, the light 
which they receive from it. The other rings or prisms, 
of which five are called upper and three lower, are 
ground and Bet in such a manner, that they project ali 
the light deriyed from the focns, in a direction parallel 
to the other ra^s, by means of iotcU refieciion. 

The arrangements of this tqi^aratns, irhich is distin- 
guiehed b; the addition of extem»l refhietiore arranged 
vertically, will bo more fully understood by a Jefflrence 
to fig. 90, which shews its section and plan. F is 4he 
fyet^ point in which the fiame is placed ; r, r cylindric 
re&actcrs, fbiming^ by their nnion, a cylinder with a 
lamp in ii& axU, and prodiunng a soaa of light of eqo^ 
intensity all ronndthe horizon t and e,a!«K oatadj<q>tric 
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prismatic rings acting total reflm^n, and ^ving out 

Fig. 90. 




ioiifs of light of equal intensity at every point of the 
Lorii;on, The dotted lines shew the course traversed by 
ilie l ays of light which proceed from the lamp, and are 
acted upon by the rings of glass. The letters r' t' shew 
the estomal prisms, having their ases at right angles 
to those of the prinoipal bent prisms, composing the re- 
fractors at T, T, and revolving aronnd them. This in- 
genious application of the property of crossed prisms is 
already described at page 43, Part II. 

When this apparatus is employed to light only a part 
of the horuson, the rings are discontinued on the side 
next the land, and room is thus obtained for using a 
common fountiun lamp ; bnt when the whole horizon is 
illnminated, the apparatus must inclose the flame on 
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everj side; and it h&p m that case been found moBt con- 
venient to employ the hydrostatic lamp of Thilorier, 
in which a balance of mdphate of xme in solution is 
employed to force the sapply of oil to the wicks from 
the cistern below the flame. 

An instrument differing from this small apparatus 
only in size has lately been introduced into the light- 
houses in Franco, and has also boon ndoptci in Scot- 
land ff-r in iLnrrrnv sc:t=. It lias tlio same number 
of rin-- ..r-Li--^ ii^ I lie -mall appnnUns, aiul oi' the ^ame 
propoHiowil dimensions. Its intuniiil diameter, how- 
ever, is 500 millimiitrea (about 19^ inches). The fol- 
lowing Table gives the elements of the eight prismatic 
zones (above and below the belt), with the co-ordinates 
to their centres of curyature, measured from the arris A 
of the outer or emergent surfaces, in whatever position 
the zone may lie on the lathe. The dimensions are in 
millimdtres : bnt may be easily oonrerted into imperial 
inches, in the manner described in the Note, p. 76. 
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The efTect of an ansnlar lens, in combination with the 
great lamp, may be estimated at moderate distances to 

be nearly equal to that of betweea 3000 and 4000 Ar- 
gand flames of about an inch diameter ; that of a ejlin- 
dric refractor at about 250 ; and that of a curved mirrnr 
may perhaps on an average be assumed at about 10 Ar- 
gand flames. 

The dioptric lights used in I'Vancc arc dividfid into 
six orders, in relation to their power and range; but 
in regard to their charatt eristic appearances, this divi- 
sion does not apply, as, in each of tlie orders, liglita of 
identically the same character may be found, differing 
only in the distance at which they can be seen, and in 
the expense of their maintenance. The sis orders may 
be briefly described as follows : — 

1st, Lights of tiie first order having an interior radius 
or focal distance of 36'22 inches (92'^'"-), and lighted by 
a lamp of four concentric wicks, consuming 570 gallonB 
of oil per annum. 

2d, Lights of the second (»^der having an interior rg- 
dins of 27-55 inches (70™*). lifted by ft lamp of three 
eonoeutric wkks, consuming 384 gallons of oil per anuam. 

3^ lights of the third order, lighted by a lamp of two 
concentric vi<^, consuming 183 gallons of oil per an- 
BUn, aad having a focal distuice of 19-68 inches (50°"-) 

ith, li^ta of Qxo ffforth order, or harbour-lights, 
haTing 4n intonial radios «f 9-84 inelMB (25™-), and a 
lan^ of two concentric tricks, ctmsnmii^ about 130 gal- 
lons of oil per annum. 

Sift, Lights of the fifth order, having a iocal distance 
of 7-28 inches (185™-) ; and 
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6th, Idghts of the sixth order, Laving an internal 
radios of 5'9 inches (lb™-), and lighted by a lamp of 
one wick, or Argand burner, consuming 48 gallons of 
oil per annum. The more minute subdivisiona of orders 
I consider to he unnecessary. 

Thiisc orders are not intended distinctions; hut are 
chiirai:t('rif,tio of llic peiver and ranire of lights, which 
render them suitablo for dlftercut localities on tke coast, 
according to the distance at ivhich thcv can bo seen. 
This division, therefore, is analogous to that which se- 
parates our lights into sfa-lights, secondary lights, and 
harhnur-lights, terms which are uBod to designate, the 
power and position, and not the appearance, of the Ii^ta 
to ivliich they are applied. 

Each of the above orders is susceptible of certain com- 
binations, which produce various appearances, and con- 
stitute the distinctions used for dioptric lights ; but the 
following are those which have been actually employed 
as the most useful in practice 

The first order contains, 1st, Lights producing, once 
in every minute, a great flash, preceded by a smaller 
one, by the revolution of eight great lenses and eight 
smaller ones combined with eight mirrors ; 2d, lights 
flashing once in every half minute, and composed of 
sixteen half lenses. Those lighte may hare the subsi- 
diary ports simply catoptric, or dia-ca>toptric ; and, 3d, 
Fixed li^ts, composed of a combination of cylindric 
jneces, witii cmred mirrors or catadioptric zones ranged 
in tiers above and below them. 

The second order ooinprises revolving lights with nx- 
teen or twelve lenses, which make flashes every half 
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minute ; and fixed lights varied by flashes once in every 
four minutes, an efifect wliich, as already noticed, is 
produced by the revolution of exterior cylindrlc jjicces. 

The tliiril ardor contains coitimon fixod lights, and 
fixed lights variod hj flashes once in every four minuter. 

The fourth order contains simple fixed lights, and 
fixed lights vane<l by flashes once in three minutes. 

The fiftii order has fixed lights varied by flashes 
once in every three minutes, and fixed lights of the com- 
mon kind. It has been thought necessary to change 
the term "fixed lights varied l)y flaslies," for "fixed 
light with .short eclipses,'' because it has been found 
that, at certain distances, a momentary eclipse precedes 
the flash. The sixth order has only fixed lights. 

These distinctions depend upon the periods of revolu- 
tion, rather than upon tlio rhararUnntv; appearance 

the lighti and therefore seem less calculated to strike 
the eye ot a seaman, than these employed on the coasts 
of Grreat Britain and Ireland. In conformity with this 
system, and i& consideration of the great loss of light 
which resnlts from the application of coloured media, 
distinctions based upon colour have been generally dis- 
carded m the flench lights. 

The distmodons are, in fact, only /our in number, 
Tiz. : Fixed ; Fixed, varied by flashes ;* Revolving, with 
flashes once a niinnt« ; and Bevolving, with flashes every 
half-minute. To those might be added, Revolving, with 



* The " Feu &se, v&rii par dea Eclats," or " Feu fixe, it eonrtes 

Eclipses," of Freanel. 
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bright periods once in two minutes, and perhapa Flaeh/- 
ing once in five gecojids (as introduced by me at the 
Little Ross, but I cannot saj ivitli such complete success 
as would induce me to recommend its general adoption). 
My own experience would also lead me to reject the dis- 
tinction called " fixed, varied by flaehes," which I do 
not consider as possesuug a marked or efficient cha- 
racter. 

Having thus fully described (he nature of the catop- 
tric and dioptric modes of illuminating lighthouses, I 
shall conclude with a comparative yiew of the merits of 
both systems, deduced from the experiment made at 
Guilan-hill duriag the winters of 1 SS2 and 1833, under 
the inspection of the Commissioners of Northern Lights. 
The chief practical result of those trials was, that the light 
of one of the great annular lenses used in the revolving 
lights of the first order, was equal to the united effect of 
eight of the large reflectors employed ia the revolving 
lights on the Scotch coast. It may be said, however, that 
the dia-catoptric* combination of pyramidal lenses and 
plane mirrors of Gorduan, adds the power of more than 
two reflectors to the effect of the great lens ; but it ought 
to be remembered that in the French lights, this addi- 
tional power is used only to compensate for one of the 
defects of the system by lengthening the dnration of 
the flash, and therefore contributes, if at all, only in a 



* I uee thlB word to deaignate the arrangemeiit of pjiamidsl 
leneefi and plane mirroTa, bj whiah the light U first r^racted, 
and then r^etUd. 
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very indirect manner, to render the light visible to the 
mariner at a greater distance. M. I'Vesnel found, ttat 
from the smaller diverjren(;c of the lens, the eclip>«eH were 
too long and thi: liright period.^ of the revolution too 
short ; and he therefore determined to adopt the hori- 
zontal deviation of 7° for the upper lenses, with a view 
to remedy this defect. Assuming, therefore, that it were 
required to increase the number of reflectors in a re- 
Tolving light of three sides, so as to render it equal in 
power to a dioptric revolving light of the first order, it 
would be necessary to place eight reflectors on each face, 
BO that the greatest number of reflectors required for 
this purpose may be taken at tweniy-four. M. Fresnel 
has stated the expenditare of oil in the lamp of four 
eonceotric wicks at 750 granmes of colza oil per hour ; 
and it is found by experience at the Isle of May and 
Inchkeith, that the quantity of spermaceti oil cousnmed 
1^ the great lamp, is equal to that burned by from fonlv 
teen to sixteen of the Argand lamps used in the Scotch 
lights. It therefore follows, that, by dioptric means, the 
consumptioQ of oil necessary for between fourte.en «dA 
sixteen reflectors, will produce a light as powerful as 
iliat which wonld require the oil of twenty'^four reflectors 
in the catoptric system of Scotland ; and, consequently, 
i^at there is an excess of oil equal to that constnned by 
ten reflectors, or 400 gallons in the year, against the 
Scotch system. But in order fully to compare the 
economy of producing two revolving lights of equal 
power by those two methods, it will be necessary to take 
into the calculation the interest of the first outlay in 
establishing them. 



Dicii'izcd by Google 



H6 DIOPTRIC SYSTEM OF LIOHTe. 

The espense of fittdng np a 'revolving light with 
twenfr^-fonr reflectors, ranged on three faces, may be 
estimated at £1398, and the annual maintenance, in- 
cluding the interest of the first cost of the apparatus, 
may be calculated at £418, 8a. 4d. The fitting up a re- 
Tolviiig lifrht with eight lenses and the dia-catoptric 
accessory apparatus, may be estimated at £1459, and 
the annual maintenaTiee at i354, 10s, 4d. It therefore 
follows, that to establish and afterwards maintain a 
catoptric light of the kind i;allcd revolving white, with a 
frame of three faces, each equal in power to a face of the 
dioptric light of Corduan, an annual outlay of £63, 18s. 
more would be required for the reflecting light than for 
the lens light ; while for a light of the kind called re- 
volving red and white, whose frame has four faces, at 
least thirty-sis reflectors would be required in order to 
make the liglit even approach an equality to that of 
Corduan ; and the oatoptrio light would in that case 
cost £225 more than the dioptric light. 

The efiect produced by burning an eqnal qnantity of 
oil in revolving lights on either system, may be esti- 
mated as follows: — In a revolving light, like that of 
Skerryvore, having eight sides, each lighting with its 
greatest power a horizontal sector of 4°, we have 32° 
(or units') of the horizon illominated with the full power 
of 3200 Argand flames, and consequently an aggregate 
eSeeb of 102,400 flames, prodnced by burning the oil 
reqnired for mjtteen reflectors ; while in a catoptric 
apparatus, like that of the old light at Inohkeith, having 
seven sides of one reflector, each lighting with its 
greatest power a sector of 4'''25', we have nearly 31° 
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(or units) of the horizon illaminated with the full power 
of 400 Argand flames, and consequentiy an aggregate 
effect of 12,4:00 flames aa the result of burning the oil 
required for seven reflectors. Hence, the effect of burn- 
ing the same quantity of oil in revolving lights on either 

system, will be represented respectively by — 12,400 = 

38,343 for the c&toptric, contrasted with 102,400 for 
'the dioptric Hgbt; or, in other worde, revolving lights 
on the dioptric principle, oae the oil more ecotwmicathf 
than those on the catoptric plan, nearly in the ratio of 
3-6 to 1. 

Let 118 now Bpeak of fixed lights, to vhich the dioptric 
metiiod is peculiarly veil adapted. The effect produced 
by the consumption of a gallon of oil in. a fixed light, 
with twenty-aix reflectors, which is the amallegt nnmher 
that can he properly employed, may he estimated as 
follows : — The mean effect of the light spread over the 
horizontal sector, snbtended by one refieotor, as deduced 
from measurementa made at each horiaontal degree, by 
the method of shadows, is equal to 174 unassisted Ar- 
gand burners. If, then, this quantity be multiplied by 
360 degree?, w,; sliall (.V.tain ar, a.^pvc^ale effect of 
62,lyW, whicli, divided ll^ [u-tn 'rl.r inuii.er ol' gallons 
burned dnriii;^ a year in ii"<:nl.ii-f'..» refleefor.';;, would 
give 60 Argand flames for the effect of the light main- 
tained f lirDiigliout tiici year by the combustion of a gallon 
of oil. On the other hand, the power of a catadioptric 
light of the first order, like that lately established at 
Girdleness, may be estimated thus :— -The mean effect 
of the light produced by the joint efibot of both the diop- 
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trie and catadioptric parts of a fixed light apparatus, 
may be valued at 450 Argand flames, which, multiplied 
by 360 degrees, gives an aggregate of 162,000 ; aud if 
this quantity be divided by 570 (the number of gallons 
burned by the great flame in a year), we shall have about 
284 Argand flames for tlie eff'ect of the light produced 
by the combustion of a gallon of oil. It would thaa 
appear that in fixed lights, the French apparatus, as 
lately improved, produces, as the average eff'ect of the 
combustion of the same quantity of oil over the whole 
horizon, upwards of four times the amount of light that 
is obtained by the catoptric mode. 

But the great superiority of the dioptric method 
chieSy rests upon its perfect fulfilment of an important 
condition required in a fixed light, by distributing ths 
ra,ys equally in every point of the horizon, lit. the 
event of the vhole horizon not requiring to be iUnini- 
nated, the dioptrio light wonld lose a part of its anpe- 
riority in economy, and ivhen half the horizon only is 
l^ted, it wonld he more expensive than the reflected 
light ; hut the greater power and more equal distribuiaon 
<>£ the light, may be ooQBldered of so grecbt importanoa, 
as far to outweigh &b difEsrenoe of expense. In the 
latter case, too, an additional power, as already noticed 
(p; 102). ctui he(pven.to the dioptric light, by placing at 
the landward side of the lightroom, spherio^ miiroix 
with, their centrea in the focus of the refracting appu^ar 
tuBi* The luminous cones, or pyramids, of which anch 



* A similar arraiigeraem. laii iilso be in revolving lights 

bj making the radius of the mirrors somewhat less than: iiiat of 
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reflectors would form the bases, lustead of passing off 
uselessly to the land, would thus ho thrown back through 
the focal point, and finally refracted, so as to increaae 
the effect of the light seaward, by nearly one-third of 
the light which would otherwise be lost. 

The expense of establishing a fixed light composed of 
twenty-six reflectors, may be estimated at £950, and 
its annual maintenance, including interest on the first 
cost of the apparatus, may be reckoned at £425, 10s. : 
and the expense of fitting up a fixed light on the diop- 
tric principle with catadioptric zones is £1511, while its 
annual maintenance may be taken at £285, 6s. 4d. It 
thus appears tliat the annual expenditure of the dioptric 
fixed light is £140, 3s. 8d. less ih&a. that of a fixed light 
composed of twenty-six reflectors; while the average 
^feet, equally diffused over the horiion, is fow ^met 
greater. 

The comparative views already given of &e catoptric 
and. dioptric modes of illuminating lightiioiifies, demon- 
Bteftte ttiat the latter produces more powerftd lights by 
the oombnation of 4jie same quantity of oil ; while it is 
obvions that the oatopteio tyrstem insures a more certain 
exhibition of the light, from the fountain-lamps being 
less liable to derangement than, the mechanical lamps 

tbs inacribed circle of the octagon, bounded bj tlie leases, so that 
Ihej maj ciroulale freely round the baolta of the mirrors. Tha 
shortneBs of the rodiue of the reflecting aurface would, of coutbb, 
iucreosa the dirergeiica of the beam of light te&aoted'llira^h 
the leiwei, a» the. flame wosld, in this obm, aubtratd a giaatac 
augle.ot.the &De of the mimtia. 
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used in dioptric lights. Tlie balance, therefore, of real 
adFantages. or disadvantages, and, consequently, the 
proprioty of adopting the one or the other system, in- 
volves a milled question, not susceptible of a very pre- 
cise soUition, and leaving room for differcTit decisions, 
nccordinjr to tin; mhie which may be set upon obtaining 
a cheaper and better light, on the one band, as con- 
trasted, on the other, with less certainty in its exhibi- 
tion. Experience, howerer, goes far to shew that, in 
practice, the risk of extinction of the lamp in dioptric 
lights is very small. 

A few genera] considerations, serving briefly to reca- 
pitulate the arguments for and against the two systems, 
may not be out of place. And, first, regarding the fit- 
ness of dioptric instruments for revolving lights, it ap- 
pears from the details above given,— 

ls(, That by placing eight reflectors on each face of a 
revolving frame, a light may be obtained as brilliant as 
that derived from the great annular lens ; and that, in 
the caae of a frame of three sides, the excess of expense 
by the reflecting mode, would 1>e £63, ISs. ; and in the 
case of a &ame of four sides, the excess would amount 
to £225. 

2d, That for burning oil economically in revolving 
lighthouses, which illuminate every point of the horizon 
sucoessively, the lens is more advantageous than the re- 
flector in t^ ratio of 3*6 to 1. 

3d, That the divergence of the rays from the lens be- 
ing less than from the reflector, it becomes difficult to 
produce, by lenses, the appearance which charaeteriaes 
the catoptric revolving lights, already so well known to 
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Bfitisli mariners; anil any change of existing lights 
whicli would, of course, affect tlieir appearance, must, 
therefore, involve some practical objections, which do not 
at all apply to tlic ease of new lights. 

itk, That the uncertainty in the management of the 
lamp renders it more difficult to maintain the revolving 
dioptric lights without risk of extinction, an accident 
which has several times occurred at Corduaa and other 
lighthouses both in I'rance and elsewhere. A more ex- 
tended experience, however, lias tended to moderate any 
fears on this head. 

6tk, That the extinction of one lamp in a revolving 
catoptric light is not only leas probable, but leads to 
much less serious consequences than the extinction of 
the single lamp in a dioptric light ; becsruse, in the first 
case, the evil is limited to <Umiuiahing the power of one 
face bj an eighth part ; whilst, in the second, the whole 
horizon U totally deprived of light. The extinction 
of a lamp, therefore, in a dioptric light, leads to evils 
whieh may be considered very great in comparison with 
the QonseqaenGes which attend the same accident in a 
catoptric light. 

In comparing the fixed dioptric, and the fixed catop- 
tric apparatus, the results may be summed np under the 
following heads : — 

1st, It is impossible, by means of any practicable 
oombination of paraboloida! reflectors, to distribute 
round the horizon a zone of light of exactly equal in- 
tmHty ; while this may be easily e&oted by dioptric 
means, in the manner already described. In other words, 

F 
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the qualities required in fixed lights cannot be bo fnlly 
obtained by refleetore as hj refractors. 

2d, The average ligbt produced in every azimuUi by 
burning one galloa of oil in Argand lamps, with reflec- 
tors, is only about om^/ourtA of that produced by burn- 
ing the same quantity in the dioptric apparatus ; and the 
annual expenditure is £140, 3s. 8d. less for the entire 
dioptric light than for the catoptric light. 

3d, The characteristic appearance of the fixed reflect- 
ing light in any one azimuth would not be changed by 
the adoption of the dioptric method, although its in- 
creased mean power would render it visible at a greater 
distance m every direction. 

4(A. I'rom the equal distribution of the rajs, the di- 
optric iigni would he observed at equal distances in every 
point of the horizon ; an effect which cannot he fully at- 
tained by any practicable comhiiiatioii of paraboloidal 
refleftors. 

.">(/(. The inconveniences arising from the uncertainty 
which attends the use of the mechanical lamp, are not 
perhaps so much felt in a fised as in a revolving light; 
because the greater simplicity of the apparatus admits 
of easier access to it, in case of accident. 

i'lth. But the extinction of a lamp in a catoptric light, 
leaves only one twenty-sixth part of the horizon without 
the benefit of the light, and the chance of accident aris- 
ing to vessels from it, may, therefore, be considered as 
incalculably less than the danger resulting from the ex- 
tinction of the single lamp of the dioptric light, which 
deprives the whole horizon of light. 
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7t&, There is also, in certain sitnalions, a risk arising 
from irregularity in the distances at which the Bame 
fixed catoptric light can be seen in the different asi- 
muths. This defect, of Course, does not exist in the 
dioptric light. 

There cau he little doubt, that tho more fully the sys- 
tem of I'Vesnei is understood, die mare certainly will it 
be preferred to the catoptric ajsteni of illiiuiiuatiug 
lighthouses, at least in those countries where this im- 
portant hrauch of administration is conducted with the 
care and solicitude which it deserves. It must not, 
however, he imagined, that there are no circumstances 
in which the catoptric system is not ahaolutely prefer- 
able to illumination hy means of lensea. We have 
hitherto attended only to horizontal divergence and its 
effects, add this is unquestionahly the more important 
view ; but the consideration of vertical divergence must 
not be altogether overlooked. Now, while it is obvious 
that vertical divergence, at least above the horizon, in- 
Yoiyes a total loss of the light which escapes uselessly 
upwards into space Qn which respect the reflectors are 
much less advantageous), it is no less trae, that if the 
sheet of light which reaches the most distant horizon of 
the lighthouse, howeTcr brilliant, were as thm as the ab- 
sence of all vertical divergence would imply, it would be 
practically useless ; and some measure of dispersion in the 
arc below the horizon is therefore absolutely indispen- 
sable to Gonslitnte a really useful light. In the reflector, 
tbe greatest vertical divergence below the horizontal 
plane of the focus is 16° 8^, and that of the lens is about 
4° 3(r. Let us consider for a moment the hearing of those 
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facts upon the application of the two modes of illnmiiia- 
tion to special circumstances. The powerful lieam of 
Kght trangmitted by the lens, peculiarly fits lhat instru- 
ment for the great sea-lights which are intended to Trani 
the mariner of his approach to a distant coast which he 
first makes on an oversea voyage ; and the deficiency 
of its divergence, whether horizontal or Tertical, is not 
practically felt as an inconvenience in lights of that cha- 
racter, ivliitli sclf!ojn require to serve the double purpose 
of lieiii.;; visihlc ar ;\ '^mt distance, and at the same 
tinip of acting giiuU-s for danger near the shore. For 
sucli purposes, tho lens applies the light muck more ad- 
vantageously as well as more ei^onomically llian tlic re- 
flector; hocaufio, while tlio iluration of its Zmsi divcr- 
freiil liuauL is nearly (■■[iial to that of the reflector, it 
is times ui'iro jinv, t'rfal. A revolving system of 

eight lonsea illuminates an horizontal arc of 32° with 
this bright heam. The reflector, on the other hand, 
spreads the light over a larger arc of the horizon : and. 
while its least divergent beam is much less powerful 
than that of the lens, the light which is shed over its 
extreme arc is so feeble as to be practically of no use 
in lights of extensive range, even during clear weather. 
^^] 1 Iti [1 1 n a very high headland, 

however, the deficieiicv of divergence in the vertical 
direction is often found to be productive of some prac- 
tical inconvenience ; but this defect may be partially 
remedied by giving to the lenses a slight inclination 
outwards from the vertical plane of the focus, so as 
to cause the most brilliant portion of the emergent 
beam to reach the visible horixon which is due to the 
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height of the lantern. It may be observed, also, that a 
lantern at the height of 150 feet, which (taking into 
acooiint the common height of the observer's eye at 
sea) commands a range of upwards 20 i&iglisli miles, 
is sufficient for all the ordinary purposes of the miTiga^ 
tor, and that the intermediate space is praotically easily 
illuminated, even to irithin a mile of the lightitouse, by 
means of a slight iaolination of the subsidiary mirrors, 
even where the light from the principal part of the ap- 
paratus passes over the seaman's head. For the purpose 
of leading lights, in narrow channels, on the other hand, 
and for the illumination of certain narrow seas, there 
oau be no doubt that reflectors are much more suitable 
and convenient. In such cases, the amount of vertical 
divergence below the horhon, forms an important cle- 
ment in the question, because it is absolutely necessary 
that the mariner should keep sight of the lights even 
when he is very near them ; while there is not the same 
call for a very powerful beam which exists in the case 
of sea-lights. Yet even in narrow seas, where low 
towers, corresponding to the extent of the ramji} of the 
light, are adopted, but where it is, at the same time, 
needful to illuminate the whole or the greater pa.rt of the 
horizon, the use of dioptric instruments will be found 
almost unavoidaliic, especially in fixed lights, as well 
from their equalizing the distribution of the light in 
every azimuth, as from their much greater economy 
in situations where a large annual expenditure would 
often be disproportionate to the revenue at di.-iposal. 
In such places, where certain peculiarities of thi? situa- 
tion require the combination of a light equally diffused 



Digitized GoOgle 



126 DIOPTBIC SYSTEM OF Ll&HTS. 

over tbe greater portion of the horizon, along with a 
greater vertical divergence in certain aaimutlis, than 
dioptric instruments afford, I have found it cnuvenient 
and economical to add to the fixed refracting apparatus 
& aingle parabololdal reflector, in order to produce the 
desired efieot, instead of adapting the whole to the more 
expensive plan for the sate of meeting the wants of a 
ungle narrow sector of its range. In other cases, where 
the whole horizon is to be illnininated, and great ver- 
tical divergence is at the same time desirable, a slight 
elevation of the burner, at the expense, no doubt, of a 
small loss of light, is sometimeB resorted to, and is found 
to produce, with good effect, the requisite depression of 
the emergent rays. " 

In certain situations, where a great range, and, conse- 
quently, a powerful light mast be combined with toler- 
ably powerful UIumiQation in the immediate vicinity of 
the lighthouBe, we might, perhaps, advantageously adopt 
a variation of the form and dimensions of the mirrors 
employed, so as to resemble those formerly used at the 
Tour de Corduan, which were of considerably larger 
surface and longer focal distance than those which are 
used in Britain. If such a form were adopted, the power 
of the light for the purpose of the distant range would 
be increased ; and I would propose to compensate for the 
ileficifincj of divwgence consequent on a long focal 
di?tan<;c. hy placing a second turner in some position 
between the parameter and the vortex, and slightly ele- 
vated above the axi? of the instrument, so as to throw 
the gri;ator portion of the beam resulting from this 
second burner below the horizontal plane of the focus. 
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Such an expedient is no doubt somewhat clumBf , and 
would at the same time involve the consumption of twice 
the quantity of oil used in an ordinary catoptric light-; 
but I can still conceive it to be preferable, in certain 
situations, to the use of lenses alone. 

Thus it appears that we must not too absolutely con- 
clude against one, or in favour of the other mode of 
illumination for lighthouses ; but, as in every other de- 
partment of the arte, we shall find the necesBity of 
patiently weighing all the Gircumstanoes of each parti- 
colar ease that comes before us, before selecting that 
inBtrmnent, or combination of instrnments, which ap- 
pears most Suitable. 

The mode of distinguishing lights in the system of 
Fresnel, depends more open their magnitude and the 
measured interval of the time of their revolution, than 
upon their appearance ; and no other very marked' dis- 
tinctioas, except Fixed and Bevolving, have been sue- 
ceBsfully attempted in France. As above stated, I con- 
sider tiie distinction of the fixed light varied hy fiaskeg, 
to posses^ an appearance too slightly differing from that 
of a revolving light, to admit of its being safely adopted 
in situations where revoh lug liglitti are iR'iir. The trial 
which 1 made at ilic Niltlc Ho^s- in the Solway i'ritb. 
of producing, by means of lenses, a. light flashing once 
in five seconds of time, although successful so far as 
mere distinction is concerned, has several practical de- 
fects, arising from the sliortness of the duratioti of the 
flashes, compared with tlic powcrfnl effect of the fixed 
part of the apparatus, whii'ii I i^niisidi-r !-iufficieut to pre- 
vent its adoption in future, especially considering that 
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a much more marked appearance can be produced by 
means of reflectors, as haa been done at tbe Biicbannesa 
in AbiT'li-^iif-lii-T, and t!io PJiiiuis of l^ny in Argjll- 
sliirci. ( nl-uvcil vir-d'a liav:.' noiO', n. far a- T know, 
been aiiplied lo dioptric iipparatus, except in liie case 
of tbe Maplia lagbt at tlie moutb of tlie Tliames, and 
Cromarty Point Ligbt at tbe entrance to the Cromarty 
Fritb, Nosabead in Caithness, and Sbip Eock of Sanda 
in Argjleshire, but in all tbosc instances successfully. 
In tbe case of tbe fixed light at Sanda, in particular, I 
would observe that it is well seen at tbe distance of 16 
nautic miles, and occasionally observed even so far off 
as 22 nautic miles. The enormous loss of light, how- 
ever, amounting to no less than 0 80 of the whole inci- 
dent raya, forms a great bar to tbe adoption of colour 
as a distinction ; and any meaas wbieh could tend to 
lessen that absorption, and at the same time produce 
the characteristic appearance, would bo most valuable. 
I have tried, some glasaes of a pink tinge, prepared 
by M. Letoumean of Paris, in which tbe absorption 
does not exceed 0*57 of the incident raysr-bnt ths 
appearance of the light, at a distance, is much ]ea» 
marked than that prodaced by the glasses used in Bri- 
tain.* Such deficiency of characteristic, colour might 
lead to serious consequences, as the transmission of 
white rays,, through a hazy atmosphere, too often pro- 
duces, by absorption, a reddish tinge of tbe light,, for 
which the less marked ^pearance ^ven- by the paler 
media might be easily mistaken. This colouring powes 



* See page rOe. Fsre L 
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of absorpfdon ie so well known, that red lights are sel- 
dom nsed except in direct contrast with wliite ones ; 
but, on a ooaat so thickly etadded with lighthoiues as 
that of Britain, the number of distinotions is insufficient 
to supply all our wants, so that we are sometimes reluc- 
tantly compelled to adopt a single red light in Bome 
situation of lesaer importance, or which, from some local 
circumstances and tlie appearance of the lights which 
muKt f^r'cii liy tJianiier bel'ore passing it, is not 
likelvtul,iM,n-[;i!iri. fi..^-aiiyr,|l;cr. 'Hie jireatlossof light 
by eoliiuri'ii niedhi cau^os i\w n'd liciLiu, in a revolving 
light, to be seen at a .sliurter diKtancc tlian the white ; 
and it is coniieivable that, iu ecrlaia ciroiimatanees, 
this might load tho manner to mistake a red <nul. white 
light f-v ;i ,.'hii.- V.iiH revolving at lL;ilf the velocity. 
Such a liiistake ini^lit perljapd prove dangerous; but 
the lights are generally so situated that there is ample 
time for the mariner, after first discovering the red light, 
and thus correcting any mistake, to shape his course 
accordingly. All other .coloured media except red have 
been found useless as distinctions for any lights of ex- 
tensive range, and fail to be efficient, owing to the neces- 
sity of absorbing almost all the light before a marked 
appearance can be obtained. In a few pier or ferry 
lights, green and blue media have been tried, and found 
available at the distance of a few cables' lengths.* 
It seems to be a natural consequence of the physical 



* In Borae late esperimenta whieU I made with very powerM 
inatmineiilB, green lighta were Tieible, in verj dear weather, at 
the distance of 7 mile«. The tilae ooold only once be seen, with 
great dlffioully, at 5 mileg. 
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diBtribatioa of light, that fixed Ughta, which illnmiaibte 
the whole horizon, shonld be less powerful than rerolT- 
ing lights which hare their effect concentrated within 
narrow seotora of the horizon . Any attempt to increase 
the power of fixed lights is, therefore, worthy of atten- 
tion ; mA. when the late Captain Basil Hall proposed a 
plan for efi^ting this olgect, it received, as it deserred, 
the fall consideration of the Scotch Lighthouse Board, 
who authorized me to repeat Captun Hall's experi- 
ments, and verify his reaoltB by obeervationB made at a 
considerable distance. 

Thft familiar experiment, of wliirliiig a burning stick 
quickly niunJ the head, ho as to produto a ribbon of 
light, proves the possibility of causing a continuous im- 
pression oa the retinii by intermittent images succeeding 
each other with a certain rapidity. From the moderate 
velocity at itliich this continuity of impression is ob- 
tainL'il, we Ktiould be warranted in concluding, a priori, 
that the tluie required to make an impression on the re- 
tina is considerably less than the, duration of the impres- 
sion itself ; for the continuity of effect must, of course, 
be caused by fresh impulses succeeding each other be- 
fore the precedins ones have entirely faded. If it were 
otherwise, and the time required to make the impression 
were equal to the duration of the sensation, it would 
obviously be impossible to obtain a senes of impulses 
so close or continuous m their cflects as to run into and 
overlap each other, and thus throw out the intervals of 
darkness ; because me same velocity wnicn woma tena 
to 3h<»*ten the dark intervals, would also curtail the 
brt^t Bashes, and thus prevent their acting on the eye 
l(mg enough to cause an impree»on. Accordingly, we 
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find that the duratjon of an impresBion is in reality 
nmdh greater tlian the time required for prodacing the 
efilbct on the retina. It is stated by Frofeasor Wheat- 
atone, in the London Transactions for 1834, that only 
about one nUHvMth part of a second is required for 
making a distinct impression on the eye ; and it appears, 
from a statement made by Lam^, at p. 425 of his Conrs 
de Fhydque, that M. Plateau found that an impresBion 
on the retana preserved its intensity unabsited during 
one Jtttadredth of a seijond, so tlkat, however small those 
times may be in themselves, the one is yet 10,000 
greiiter tlmn the othor. 

It lias been asccrlaiijcd by direct Kxperiiiu'iit,* that 
the eye can receive a i'resh impreriHioii liet'iire the pre- 
ceding one liaw faded ; and, indeed, if this were impos- 
sible, absolute continuity of impression from any suc- 
cession of impulses, however rapid, would seem to be 
unattainable ; and the approach to perfect continuity 
would be inversely as the time reqnired to make an im- 
pression. 

Fr,om the property which bright bodies passing ra- 
pidly before the eye possess of communicating a conti- 
nuous impression to the sense of sight, the late Captain 
Basil Hall conceived the idea, not merely of obtaining 
all the effects of a fixed light, by causing a system of 
lenses to revolve with such a velocity as to produce a 
continuous impression, but, at the same time, of obtain- 
ing a much more brilliant appearance, by the compen- 
sating influence of the bright flashes, which he expected 



* Lam€, ConTs de Fhjatqne, p. 424. " L'impiession peut 
mbaUter encore lorsgue la gnivante a lieu." 
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would produce impulses sufficiently powerful and du- 
rable to make the deficiency of light in the dark spaces 
almost imperceptihle. The mean effect of the whole 
series of changes would, he imagined, be thus greatly 
superior to that which can be obtained from the same 
quantity of light equally distributed, as in fixed lights, 
over the whole horizon. Kow this expectation, if it be 
considered solely in reference to the physical distrihution 
of the lightriuTolves Tarioos difficulties. The quantity of 
light subjected io instmmeiital action is the same whe- 
ther we employ the refracting zones at present used in 
fixed dioptric lights, or attempt to obtain continuity of 
ed^t by the rapid revolution of lenses : and the only 
di^rence in the action of those two arrangements is 
this, that while the zones distnbnte the light equally 
over the whole horizon, or rather do not interfere with 
its natural horizontal distribution, the efiect of the pro- 
posed method is to collect the light mto pencils, which 
are made to revolye with such rapidity, that the im- 
pression from each pencil succeeds the preceding one 
in time to prevent a .-sensible oecuncnce of darkness. 
To expect that 1 ft t t 1 1 1 1 applied 

should be grijat 1 1 t 1 1 t t i a al ho 
riiiontal diverg I i I ^ ^ 1 e 

somctliiiig app i t a tit f [ I ical 
laws. In both tl c u 1 t 111 a tod 

upon by the instrument: and in either Ciise. an v one 
observer will receive an impression similar aud equal to 
Eliat received by any other stationed at a di&ercnt part 
of the horizon ; so that, unless we imagine that there is 
some loss of light peculiar to one ol the methods, we 
are shut up, in the physical view of the question, to the 
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conclasion, that tbe impreBsions received hj eaob class 
of observers moBt be of eq^nal intensity. In otlier words, 
the same quantity of light is by bijth methods employed 
to oonyey a continoons impression to -the senses of spec- 
tators in. every direction, and in. both methods equality 
of distribution is effected, since it does not at all consist 
with our hypothesis, that any one obs«^er in the same 
class should receive more or less Uian his equal share 
of the light. Then, as to the probability of the loss of 
light, it seems natural to expect that this should occur 
in connection with the revolving system, because the 
velocity is an extraneous circumstance, by ho means 
necessary to an equal distribution of the light, which 
can. as we already know, be more naturally, and at the 
aam(^ tiirif; piiftcTlv iit':mi(Hl 1)t the use of the zones. 

On the orlu'r it ii,u.-t i[.)t be forgotten, that al- 

thmie;!! the ctW'v.t of both iiiotliods is to give each part 
of the hoiiKon an eqaal share of lisrht. there is yet this 
differeiwft hctwem rhinn. that nhile the licht from the 
zones isi c(|ii;illv intense at every instant of time, that 
e\oh dl th i-|]ill auiilitm^ Icn e'' Lon tintlj 
passin;; tiiroiiL'h evei-y phii.=e betiveen total darkness 
and the brightest Hiish oi the lena ; and this difference, 
taken in connection ivith some curious physiological ob- 
servations regarding the sensibility of the retina, gives 
considerable countenance to the expectation on which 
Captain Hall's ingenious expedient is based. The faot 
which has already been noticed, and which the beauti- 
ful experiments of M. Plateau and Professor Wheat- 
stone have of late rendered more precise, that the dura- 
tion of an impression on the retina is not only appre- 
ciable, bat is much greater than the time required to 
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oatise it, seems to encourage ns in expecting, that wiale 
the velocity required to prodooe oontinnity of effect 
would not be found bo great as to interfere with the for- 
'mation of a full impression, the duration of the impulse 
irom oEboh flash would remain nnaltered, and the dark 
intervals which do not ezoite the retina would, at tiie 
same time, be shortened ; and that, therefore, we might 
in this manner obtiun an effect on the senses exceed- 
ing the brilliancy of a steady light distributed eqoally 
in every direction by the ordinary method. Some per- 
sona, indeed, who have speculated on this snlgect, seem 
even to be of opinion, that, so far from the whole effect 
(rftbe series of continuous impresaiona being weakened 
by a blending of the dark with the bright intervals, the 
eye "'finld in rejtlitv he stiTiiuLited lij tlie contrast of 
lip;h'. and drir]:::e--.-.. mi thcrebj h) rMeivc a more 
complete and durable impulse from the liglit. It if< ob- 
vious, however, that this question regarding the pro- 
bable effect to bo anticipated from a revolution so rapid 
as to cause a continuous impression, could onlv have 
been satisfactorilv ansivered bv an appeal to experiment. 

In cxpenmcntintr on thi.-s subject, I used the appara- 
tus formerly employed by Captain Hall. It consisted 
of an octagonal &ame, which earned eight of the discs 
that compose the central part of Fresnel's compound 
lens, and was susceptible of being revolved slowly or 
quickly at pleasure, by means of a crank-handle and 
some intermediate gearmg. The experiments were 
nearly identical with those made by Captain Hall, who 
centrasted the effect of a single lens at rest, or moving 
very slowly, with that produced by the eight Wses, re- 
volving with aucb velocity as to cause an apparently 
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continnoiis impreslioD on the eye. To this expenment I 
added that of comparing the beam thrown out by the 
central portion of a eylindric refractor, Boch aB is naed 
at tiie fixed light of the Isle of May, with the oontinn- 
ouB impression obtained by the rapid revolndon of the 
lenses. Captain Hall made all his comparisons at the 
short distuice of lOO yards; and, in order to obtain 
some measure of the intensity, he viewed the lights 
thioogh nlates of coloured dass until the luminous discs 
became inviaible to the eye. I repeated those expen^- 
ments at Gullan, under similar circumstances, but with 
very different results. I shall not. hnuevf r, enter upon 
the discussion of those differeiieort lu re, isUhdui'lL they 
are susceptible of explanation, and are corroborative of 
the concluaioiis ^it which T arrived, by uwiipaniig the 
lights from a <listaiiC(.' 1 4 mihis : but shall linellv no- 
tice the more important results ivhu ii wero olitaiiied by 
the distant view. Thev are as follow :— 

1: The flash of the lens revolvmjt slonlv was very 
much larger than that ot the rapidly revolving series ; 
and this decrease of size m the luminous object pre- 
sented t<i thci eye became more marked as the rate of 
revolution was accelerated, so that, at the velocity of 
eight or ten tiasnes m a second, tne naKea eye could 
hardly detect it, and only a few of the observers saw it ; 
while the steady light from the fixed refractor was dis- 
tinctly visible. 

2. There was also a marked failing oft' in the bril- 
liancy of the rapid flashes as compared with that of the 
slow ones ; but this effect was by no means so striking 
as the,dccrease of volnme. 

3. Contintufy of impression was not attained at the 
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rate of fire flashes in a second, bnt each flasli appeared 
to lie distinctly separated by au interval of darkness ; 
and even vlien the nearest approach to continnity was 
made, hj the leciurence of eight or ten flashes in a 
second, the light still presented a twinkling appearance, 
vhioh was well contrasted with the steady and unchang- 
ing effect of the cylindric refractor. 

4, The light of the cylindric refractor was, as already 
stated, steady and nnchan^ng, and of much larger 
Tolume than the rapidly revolring flashes. li did not. 
however, appear so brilliant as the flashes of tlie quiclcly 
revolving lenses, more especially at the lower rate of 
five flashes in a second, 

5. When viewed tiiroiigh a telescope, the difference 
of volume between the light of a cyliudric refractor and 
that produced by the lenses at their greatest velocity 
was very striking. The former presented a large dif- 
fuse object of inferior brilliancy, while the latter exhi- 
bited a sharp pin-point of brilliant light. 

Upon a careful consideration of these facts, it ap- 
pears warrantable to draw the following general con- 
clusions : — ■ 

1. That our expectations as to the effects of light, 
when distributed according to the law of its natural hori- 
zontal divergence, are supported by observed facts as to 
the visibility of such lights, contrasted with those whose 
continuity of effect is produced by collecting the whole 
light into bright pencils, and causing them to revolve 
with great Telocity. 

2. It appears that this deficiency of visibility Beems 
to be chiefly due to a want of volume in the luminous 
object, and also, although in a less degree, to a loss of 
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intciifiiy, liutli ot' ilufctu^ aj.-pu^u- o> inuiease in 

proportion as iLc motion of the luminous object is accel- 
erated. 

3. That this deficiency of volume is the moat remark- 
able optical phenomenon connected with the rapid motion 
of lommons bodies, and that it appears to be directly 
proporUonal to the velotiity of thew passage over the 
eye, 

1. That there ie reason to suspect that the visibility 
of distant light depends on the volume of the impression 
in a greater degree than has perhaps been generally 
imagined. 

5. That, as the size and intensity of the radiants 
caosing these Tarions impressions to a distant observer 
were the same, the volnme of the light, and, consequently, 
ccBterw par&ms, its visibility, are, within certain limits, 
proportionate to the time during which the object is 
present to the eye. 

Such appear to be the general conclusions which 
those experiments warrant as in drawing ; and the prac- 
tical result, in so- far as lighthouses are concerned, is 
sufficient to discourage us from attempting to improve 
the visibility of fixed lights in the manner proposed by 
Captain Hall, even supposing the practical difficulties 
connectod with the great centrifugal force generated by 
the rapid revolution of iho lenses to be less than they 

The decrease in tho volume of the luminous object 
caused by the rapid motion of the lights is interesting, 
from its apparent connectiuji with the curious pheno- 
menon of irradiation. When luminous bodies, such as 
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the ligtts of distant lamps, are seen by night, they ap- 
pear much larger than they would do by day ; and this 
effect is said to he produced by irradiation. M. Plateau, 
in hig elaborate essay on this subject, after a careful 
examination of all the theories of irradiation, states it 
to be hia opinion, that the most probable mode of ac- 
ooDnting for the vmons observed phenomena of irradi- ■ 
ation is to suppose, that, in the case of a night-view, 
the excitement caused by light is propagated ov^ the 
retina beyond the limits of the day-image of the object, 
owing to the increased stimulus prodaced by the con- 
trast of light and darkness ; and he also lays it down as 
a law, confirmed by numerous experiments, that irradi- 
ation increases with the duration of the observation. It 
appears, therefore, not unreasonable to conjecture, ih»tt 
thedefieiency of volume observed during the rapid revo- 
Intion of the lenses may have been caused by the light 
being present to the eye so short a time, that the retina 
was not stimulated in a degree snfficient to prodnce the 
amount of irradiation required for causing a large visual 
object. When, indeed, the statement of M. Plateau, 
that irradiation is proportional to the duration of the 
observation, is takoii in connection with the observed 
fact, that tlic volume of tlu' light dei'reased as the mo- 
tion of the lenses was accelerated, it seems almost im- 
possible to avoid connecting together the two phenomena 
as cause and effect. 

Before leaving this part of the subject, I will call at- 
tention to some late plans for combining dioptric and ca- 
toptric apparatus, the object of which is to subject to the 
oorreotive action of instruments, a greater proportion of 
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the luminous sphere than it has yet been found practi- 
cable to do, especially in revolving lights. Refiectors act 
chiefly on the posterior portion of the flame, and gene- 
rally receive about \ f ths of the whole Inminom sphere ; 
while a series of dioptric instromeuts can only affect an 
anterior zone, amoiinllng to about fths of the whole 
light which is emitted by the lamp. Certain deductions 
tine to the form of the lower part of the burners, and 
to the loss of light at reflection, wbich is not less than 
one-half of the incident li^t, as well as to that, by re- 
fraction, through the lens (which, however, cannot ex- 
ceed one-tenth of the incident light), will reduce those 
nambers from ths to ^d, and from f ths to -^iha, thus 
making the ratio of the proportion of the whole flame ao- 
titaU^ffivenforth by the reflectors to the amount by lenses 
equal to that of 10 to 9. In fixed lights, on Fresnel'a 
system, we have already seen that nearly the whole of 
the available light is turned to a useful purpose, by 
means of the curved mirrors or catadioptrie zones, which 
are added to increase the eflTect of the central dioptric 
belt ; ainl, in revolving lights, an approximation to a 
similar result is obtained by the addition of the dia-ca- 
toptric combination of pyramidal lenses and plane mir- 
rors, placed above the great lenses. Catoptric lights, 
however, to which such auxiliary arrangements arc inap- 
plicable, bad still the great disadvantage of leaving the 
anterior cone of light to pass off in the useless state of 
naturally divergent light ; and any thing calculated to 
increase the power of that class of lights, without altering 
that simplicity and security of the burners employed in 
them, which renders them so suitable for remote situations 
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in tfie colonies, deserve^j careful attention.- It will be- 
reraembered that the proposal of Mr Barlow for effecting 
this object, has already been noticed ; and it is needless 
now to do more than remind the reader, that the prac- 
tical disadvantage of the great aberration in the path 
of the rays reflected from the subsidiary hemispherical 
mirror, which must necessarily be of very small dimen- 
sions, together with the great loss of light by the secood 
reflection, most go i^r to neutralize the e£fect of Mr Bar- 
low's plan. A combination of dioptric and catoptric in- 
Btmmenta, intended to prodnce a similar effect, has been 
proposed by Mr Alexander Gordon, and is described at 
page 385 of the tenth volume of the Civil Engineers' 
and Architects^ Journal. It consists of a paraboloiidal 
mirror, of a very short focal distance, with some of the 
outer zones of one of rresnel's smaller lenses in front 
of it. The zones are intended to refract some of the rays 
that escape past the edges of the mirror, while the pencil 
of light refieoted from- the mirror itself is supposed to 
pass throngh the circular space which is generally occu- 
pied by the iientral portion of the lens. This arrange- 
ment is a step in the right direction, only in so for as 
it implies the union of the two modes of illumination ; 
but, as it is by no means skilfully designed, it is liable 
to several palpable objections. 

Istly, The actual gJiin of light haa been greatly over- 
rated by the writor in the Journal, who expcels to turn 
f Jtha of the whole light to a useful account ; but so great 
a gain of light can never consist with the form and posi- 
tion of the lower part of the flame. 

2dly, Upwards of ijths of the estimated quantity 
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would be intercepted by the paraboloid alone, and little 
more than T.\ilis by the rings of the lena, an additiou far 
too insignificant to warrant the adoption of bo expensive 
an appendage to the reflector. 

Sdly, The great aberration of the rays reflected by 
the conoid behind the paramster, ;nid it^ <nvA] ri^flect- 
ing surface, must render it prrictieaily u^eh^-^•^ nnd. per- 
haps, nearly one-/talj of the whole light would thus be 
lost to the mariner. The accurate formation of a para- 
boloid of such depth ivould also be difficult ; and, consi- 
dering the practical inutility of the conoid behind the 
parameter, would seem to be a misapplicition of labour, 

ithli/, Tte union of such an iiistniineut witii the len- 
ticular zones in front, which reqiiii-e that the pencil of 
parallel rays sliould be reflected with the greatest accu- 
racy, so as to enable them to pass through the circular 
apace bounded by the zones, is an obvious misapplication 
of a paraboloid with a short focal ilistautC; to a purpose 
for which it is singularly unsuitable. 

bthly. Mirrors somewhat of the same form were in use 
at Scilly Lighthouse, and were long ago discarded as 
disadvantageous, at the suggestion of the late eminent 
Captain Hnddart. ' 

^ihly. The outer zones, which form the leaet ep^eient, 
and at the same time the moet expensive portion of the 
compound lens have been preferred to the central portion 
of that instrument ; and by this means &e anterior cone 
of rays is at the same time lost. 

There can be little doubt that it is by the union of 
reflection and refraction, alone, that any thing like an 
approach to a complete application of the whole light 
can be reasonably expected ; and it was this considera- 
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tion which led me, in 1834, to suggest the addition of 
spherical mirrors to dioptric lights, which illuminate 
only' one-half of the horizon. 

The yarions forms -of apptuntus propoeed by Mr 
Thomas Stereuaon for increasing the power of reflec- 
tors, and for otherwise improving revc^Ting lights with 
moderately-sized burners, accordingly agree in employ- 
ing both modes; and, vhile they are &ee from theore- 
tical objections, they, at the same time, sabject the 
whole of the available light to the correotive action of 
the instrument. From this common property they hare 
been called Holopkotal,* although differing widely in 
the nature of their action and the amount of light truks- 
mitted by them. 

In tlic first arrangemont, wliicli shewn in figs, fl 
and 1'2 (of whicli tlie Ursi is a so(^tion, in iht; line of the 
axis, and the latter is a front view), the flame ia supposed 



to be divided into three parts, whereof the anterior cone 
is made parallel by the lens at e ; and the remidning zone. 



Fig. 91. 



jpig. 93. 




S>jis, entile — f&t, light. 
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by the pu^ftbololdal surfaces between n o and pp; wbile 
^9 posterior hemUpkereia received on the hemiapherieat 
mirror nm o, and bj it sest buck through the focns/, 
whence, passing onward, it is in part refraeted by the 
lens e, and in part reflected by the paraboloidal Burfaeee 
between no aadpp, and thus finally emerges horizon- 
tally, in union with the light from the anterior hemi- 
sphere. The homiapherical mirror, of course, occupies 
the place of tlio piirabolic cimn'id ivliich is cut off behind 
the parameter; and its dimensions may be increased at 
pleasure, so aii to rcdueo the aberration tin- rcliected 
rays. It applies cquallj to fixeil a^ to revolving iigid;*, 
its object being in both caaes the same, viz., to reas- 
aemble the pmUrior hemisphero of rajs in the focus /, 

In generating the apparatus for the revolving light, 
the section, at fig. is supposed to revolve round the 
horizontal axise/m; but, for fixed Sights, the apparatus 
is generated by the revolution of the parabola in a 
horizontal path round a vertical axis in the parameter 
n/ o, as in the case of M. Bordicr Marcet's harbour 
Kght (see page 1 14, Part I.), while the section of the 
lens also revolves round the same vertical axis, and thus 
generates the dioptric belt of Freanel's catadioptric ap- 
paratus (see page 42, Part II,), 

Figs. 93 and 94 exhibit the fixed light apparatus — the 
one diagram' shewing a central section, and the other a 
firontriew. In those figures (which are on the next page) 
/ is the common focus ; e the' refracting belt ; p p, the 
parabolic surfaces ; nmo, the homiapherical mirror ; 
and s 8, the struts for supporting and stjfieiung the re- 
flecting plates 
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Pig. 9t. 




Secondhj, There is another combination, which is only 
applicable to revolving lights, consisting of a hemi- 
spherical mirror and a lens, as in the first case, with 
totally reflecting zones between them, instead of the 
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paraboio'ldal surfaces, Tho znncs liavo the same cross- 
sections as tliose of Frosnel's small catadioptric appara- 
tus ; but, in generating tlic new zones, the section is sup- 
posed to revolve round an horizontal instead of a vertical 
axis, which, of course, passes throngh the foeus. In this 
roanner the zones He iu parallel planes at right angles 
to those of the zones in Fresnel's apparatus, which 
are horizontal. This arrangement is shewn in figures 
95 and 96, in which / is the common focus of the sys- 
tem ; m, the hemispherical mirror ; and 2 s, the totally 
reflecting zones- The distinguishing' peculiarity of this 
Arrangement is, that the catadioptric zones, instead of 
traaBmitting the light in parallel horizontal plates, as in 



Fig. 95. Fig. 96. 




Fresnel's apparatus, produce, as it were, an extension 
of the lenticular or quaquaversal action of the central 
lens, by assembling the light around ita axis / (fig. 9^, 
in the form of concentric hollow cylinders z z. 

In so far as photometrical results have been obtained, 
there is reason to anticipate that an increase of dO per 
cent, above the light derived from the oommon para- 
o 
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boloida,! mirror vill result from theAofepAota) crastmc- 

Tbe last arrangciiiont consists of replacing the hemi- 
sphcrii:al velloctor of metal or .silvtircid glass, shewn at m, 
in figure 95, hy uieaus of a polyzonal hemisphere, each 
concentric zone of which has a catadioptric action, like 
that which is exerted upon rays falling at right angles on 
the longest side of a right-angled triangular prism. The 
effect of this arrangement will he best understood hj ex- 
amicing fig. 97, which represents the cross-section of a 
siogle concentric zone. The first or inner surface of each 
zone being concave, and having its centre in the focus I', 
will, theoretically speaking, receive any ray K e as a nor- 
mal at e, aad, uo refraction taking place, the ra; will pro- 



Fig. 97. 




ceed unaltered in its direction from e to r ; at this point 
it will be t(>f(i% rejected in the direction n*, whence it 
will be a second time totally reflected in the direction 
r' ^ ; at which latter point e', it is also normal to the 
inner surface, and conaequently proceeds unchanged in 
its path, thos finally returning to the common fooufi at 
F. The cross-sections CA and AB of the outer aur- 
Facea of each zone are, strictly speaking, portions of 
parabolas facing each other, meeting at the apex A at 
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right angles, and also having thoir common foi:u3 in 
F, the centre of the liemirfjjheru. In tiiiri manner, as 
already explained, a ray jirocceilinir from the fociH falls 
on the concave or first surface, outers without refrac- 
tion, is totally reflected at the second surface in a direc- 
tion tangential to the sphere at the apex of each zone, 
and passing on, ia again reflected at the third surface, 
and finally emerges from the opposite end of the inner 
or concave surface without refraction ; whence, passing 
on through the centre of the hemisphere, it becomea a 
portion of the anterior cone of rays, and being refracted 
through the lens L, or reflected by the catadioptric rings 
C, C, C, C (see fig. 98), finally emerges in the paths shewn 
by the arrows, and adds its power to the effect of the 



pencil of rays R, B, R. The nnion of several of thoae 
right-angled zones, arranged in a concentric manner 
around the horizontal axis of the lens L (fig. 98), 
completes the hemisphere A, A, A, The central piece, 
however, will be a species of conoid, having the radius 
of its base equal to the semichord of its inner sur- 
face. Not only would tho action of this hemispiiere 
be much more perfect than that of silvered mirrors 




Flg.98. 
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or mi^tfillic: reflectors, by ivhicL so ranch light is ab- 
aorVied, but it would, moreover, possess tlie advantage 
of being less perisiiahle in its polisli. The rlifTiudlty 
of grinding tlie eonvcx fiices in a parabolic form might 
be avoided by using the radius of the circle which oscu- 
lates the parabolic segment, or by drawing tangents, 
as in the case of the larger zones, to the curve at A and 
at B or C (fig. 97) and then tracing the curve from the 
intersection of the normals. It is obvious that the work 
will be one of considerable nicety, as the angle of inci- 
dence for the rays is confined within very narrow limits ; 
for while, at the apex A, it does not exceed 45°, it must 
not, at the points B and C, be less, when crown-glass is 
used, than 41° 4&'. This would diminish the width of 
each ring and increase the number required to com- 
plete a hemisphere. The adoption of flint-glass would, 
therefore, be most desirable, as helping to extend the 
limits within which total reflection might take place, 
and thus reducing the number of the lonea in the hemi- 
sphere, and eventually lessening the expense ; and a 
hemisphere about four feet in diameter, composed of 
seven sones and a central conoid, might perhaps be found 
suitable for lights of the first order. I would propose 
that the junction of the contiguous rings should be 
formed by means of small copper-dowells or joggles, 
resting in niches cut in either ring ; and the margin of 
the rings at the points B and C (hg. 97), instead of 
being accnminftted, should be ground in the form of nar- 
row convex and ooncare bands, similar to those on the 
rings of the annular lenses, and so inclined as to be 
frusta of cones meeting in the centre of the hemisphere. 
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VARIOire GBNEEAL CONSIDERATIONS CONNECTED 
WITH LIGHTHOUSES. 

In the course of supplying tte numerous wants of 
navigation, it will often be found necessary to cut off, 
on a given bearing, the beam proceeding from a light- 
house, as a, goide to the seankan to aroid aome shoal, or 
as a hint to put about xaA seek the opposite side of a 
channel. This is attended with some little practical 
difficulty, especially in lights from reflectors arranged 
externally on a circle, because a certain portion of light, 
chiefly due to the divergence caused by the size of the 
flames, and partly to the diffraotioii or inflection of the 
light, spreads faintly over a narrow sector between the 
light arc and the dark one. It becomes necessary, of 
course, to make allowance for this penumbral arc by 
increasing the masked portion of the lantern; and, 
where a very sharp line of demarcation is required, a 
hoard is somotimeg placed on the outside of the light- 
room, in such a position, am! of such length, that while 
it does not enter tlie botmdarles of the luminous sector, 
it prevents the more powerful part of the peniiinhval 
beam from rcai;!!!!!?: tiio observer's eye. This effect is, 

oumstances admit of its adoption, by distributing the 
reflectors round the concave side of the lantern, towards 
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the land ; bnt snoh an arrangement is inapplicable wlien 
the illuminated sector exceeds the dark one. I have 
found, hy observation, tli^tt t.lic sct'ror iiiti' re opted be- 
tween the azimuth on "lik-ii hi^itorn is iiLi^kod, and 
that on which t«tal darlcness is produced to an observer, 
at moderate distances, may be estimated at not less than 
3° for dioptric, and 7° for catoptric lighte of the highest 
class.* 

Those quantities may therefore serve to guide the 
lightbouse engineer to approximate more rapidly to his 
object, as he ivill generally be safe in increasing the 
dark sector, by one or other of the above constants 
according to the kind of apparatus employed. I need 
not add, that in a matter of this kind, a final appeal to 
actual observation is, in all cases, indispensable. 

A fefl- words on the subject of double lights, naturally 
spring out of what has been said about the masking of 
lights. The term double lights ia properly and dis- 
tinctly confined to lights on different levels, but not 
neeeeBanly (as leading-lights are) in separate towers. 
The sole object of using double lights ia for distinction 

* The mefliod whioh I adoptad for delerminmg those qnuitities, 
was to mask a oertain portian of the lantern of a lighthouse sub- 
tending on horizontal sector of Blrant 30° or 40°, and at b^ht.to 
fix, hj afttnal olwervBtjcni, at the dietanoe of 5 or fl miles, two 
jHunts on the ooiat hetweon which the light bo masked was 
obscmed. The angle included ijffween the lines joininf; those 
points and the centre of fha lunteia was then determined hj 
triangolation next day, and half the difference hetreen the ob- 
MTSd angle (whioh is alwajre the letter of the two) and the com- 
puted aabtense of the masked teetor of the lantem is, in each 
oue, the amonnt of the illowanoe stated in the text. 
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from neighbouring lights ; and thej are unquestionably 
most effective in this respect, when they arc placed in 
the saine tower, v,-\Kn tlif Irraor Jimtorn i:^ arranged 
in the form of a s.-ilkry anmnd tVc nnt>.i<\<- of tlie tiiver, 
as at Girdlenr.i= in A herd eon "li Ire. Tn tliis peint of 
view, therefore. I sliall spftak of them : and it i.s obvious 
that the principftl oltjeet to hv att^iincd is, tliat the dif- 
ference of level hetwcen them shall lie wuflleiently great 
to present the li.Lrlit?. a^ f^crarate .il>jei:t* ro the eye of 
the seaman, \d-icii ai the lunft distuiit jKant "hence it 
is desirable that he should be able to recognise their cha- 
racteristic appearance. In many cases it is not neces- 
sary (but it is certainly always desirable) that the lights 
should, from the first moment of their being seen, be 
known as davhU li^litu ;. but in others, it may well con- 
.sist with safety, that two lights, which appear as a single 
light when first seen at the distance of 20 miles, shall at 
I T) or 10 miles' distance be discovered to be double. Now 
we should at first be apt hastily to imagine, that all that 
ia required to produce that effect is, to raise the one 
light above the other to such an extent, that the diB- 
tance between them shall be somewhat more than a 
minwutm wsiUle at the most distant point of obser- 
vation; or, in other words, that the difference of the 
height of the lights should be mch as to subtend to the 
eje at the point of obBerration, an angle greater than 
13"-02, which is the snbtense of a minimum wetbUe ijo- 
ing the day.* Snt the effect of irradiation, to which I 



* This quantity ia deduced from observations madebj my friend 
Mr James Gardner, while engaged on the Ordnance Survey, and 
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have already alluded, tends to blend together the images 
of the lights long before their diataiioo apart hai3 become 
80 low a fraction of the o'lscrvcr's distsmcc from the 
lighthouse, as to subtend so small an arii^le ; and I have 
accordingly found by experiracii(.s, coniiuuted under 
varioiiii oircvimstanccs. and at various distances, that 
repeated observations g;uo nu! 3' 18'' as tlio mean of 
the puliti'nses calculated in reference to the distances at 
whicii the lights liegan to be blended into one. 

Adopting this as the .-iniailest angle which the two 
lights should subtend at the observer's eye, we may 
find the least vertical distance between them, which will 
cause them to appear as separate objects, by the follow- 
ing formula : — 

H=2A.tan0 
in which a is the observer's distance in feet ; 6, half 
the subtense, = 1' 39" ; and H the required height of 
the tower between the two lights in feet. The follow- 
ing T&ble gives the height in feet corresponding to the 
distance in nantio miles, from 1 to 20 inclusive: the 
heights, which are the bases of nmilar isosceles tri- 
angles, increase, of course, in an arithmetical series : 



may be regarded aa the extreme limit of visibility, under the 

tnmed tu view di^timt objects, that vertical length is aa important 
oonstitaeot in tbeir viaibilitj. 
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12-Oi 
18-00 



48-16 
54-18 



G6-22 
72-34 
78-26 
84-28 
90-30 
96-32 
102-34 
108-36 
114-38 



Aiin to the subject of Double Lights, is tliat of Lead- 
iaig Lights, the object of -which ia to indicate to the 
mariner a given line of direction by their being seen in 
one line. In most iuetanceB, this line of direction ia 
QBed to point oat the central part of a narrow channel ; 
and the alternate openmg of the lights, on either side of 
their conjimetion, seryes to indicate to the mariner {who 
ooght to Got^oiu with his watching of t^he lights the ob- 
servation of the elapsed time and also freqnent sound- 
ings) the proper moment for cfaan^ng his taek. In some 
places, the line of conjunction of the lights is placed 
nearer to one side of a channel than the other, according 
as the set of the tides, or the position of shoals, may seem 
to require. In other situations, this line only serves as a 
crosB-heammg to shew the mariner his approach to some 
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danger, or to indiciite his having paesetl it, and (has to 
asBnre tim of his entry on wider sea-room. Cou^dera- 
tions, similar to those which detenniTie the difference of 
elevation for donUe lights, regulate the choice of the 
distance between twn leadinp; lights ; lint the question 
la less iiiirrow. and may Ik' gonerallv solved ;rrapliically, 
by simply drawing the lilies en au accurate chart of the 
locality. In some'few sitiiiitkms, the confif^nration of the 
coast docs not admit of a separation between the lights, 
sufBcieut to cause what is called a aJi'irji InUrxeetion ; 
but, in most cases, there is room enough to place them 
so far apart, that hut a few yards of deviation in the 
vessers course, from the exact line of the conjunction of 
the lights in one, produces a distinct opening between 
them on the opposite side of that line. In order to 
insure the requisite sharpness of intersection, the dis- 
tance between the lights, wherever attainable, shoiJd be 
not less than one-sixth of the distance between the more 
seaward of the two towers and that point at which the 
seaman begins to use the line of conjunotjon as his 
guide. I have only to add, that, in aitnationa where the 
land prevents a coneiderable oeparation between leading 
lights, they shonld be placed as nearly on one level as 
ia oonsistent with their being seen as verUcalhf sepa- 
rated, so as, in some measure, to compensate for their 
horizontal nearness, by rendering their intersection 
more sharp and striking than it can be where the obser- 
ver mnst draw irom the upper light an imaginary per- 
pendicnlar in his mind, and then estimate the separa- 
tion of the lights by the sine of an angle, which de- 
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creasea as the difference of their apparent elevations 
increases. 

Tlie considerations which enter into the choice of the 
position and character of tlie lights on a line of coast, 
are either, on the one hand, so simple and self-evident 
M scarcely to admit of being stated in a /roncml form, 
without becoming mere truisms; or iut, on lin: other 
liand, so Yory nuracrons, and often n<t complicated, as 
scarcely to lie siiiii/cptiblo of eomprossion into any gene- 
ral laws. I shiill not, therefore, do more than very 
brictlj allude ti> n few of tiie oliief eonsiJerations which 
ghoAdd guide 'IS in tlie >^e:.M tim, ..r tiie -^it.>^ ■.r.-'A cliarac- 
t^ristic appearance nf tln' ^i^Iii'Li'ij-'I'.-. In In- placed on a 
iine of coast. Perhaps those views may be moat con- 
veniently stated in the form of distinct propositions : — 

1. The most prominent points of a line of coast, or 
those first made on wer-sea voyages, should be first 
lighted ; and the most powerful lights should be adapted 
to them, so that they may be discovered by the mariner 
as long as possible before his reaching land. 

2. So far as is consistent with a doe attention to 
distinction, rerolring lights of some description, which 
an neoessarilj more powerful ijian fixed lights, should 
be employed at the outposts on a line of coast. 

3. lights of predsely identical character and appear- 
ance should not, if possible, occur within a less distance 
than lOO miles of each other on the same line of coast, 
which is made by orer-sea vesaela. 

4. In all oaaes, the distinction of colour should never 
be adopted except from B>bBolnte necessity. 
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5. Fixed ligbts, and others of less power, may be more 
readily adopted in narrow seas, because the range of 
the ligbts in sncb situations is generally leBB than that 
of open oea-lights. 

6. In narrow seas also, the distance between lights of 
the same appearance may often be Bafely reduced within 
much lower limits than is desirable for the greater sea- 
lights. Thus there are many instances in which the 
distance separating lights of the same character need 
not exceed 50 miles ; and peculiar cases occur in nhich 
even a much less separation between similar lights may 
be suffident. 

7. Liylits iutonded to guaril vi'ssel.^ from reefs, f^hoals, 
or other dangers, should, in every case where it is prac- 
ticable, be placed seaward of the danger itself, as it is 
desirable that seamen be enabled to make the lights 
with confidence. 

8. Views of economy in the first cost of a lighthouse 
should never be permitted to interfere with placing it 
in the best possible position ; and, when funds are defi- 
cient, it will generally be tound that the wise course 
is to delay the work until a sum shall hai e been ob- 
tained sufBcient for the erection of the lighthouse on the 
best site. 

9. The elevation of the lantern above the sea should 
not, if possible, for sea^lights, exceed 200 feet; and 
about 150 feet is sufficient, under almost any circum- 
stances, to give the range which is required. Lights 
placed on hign beadtande are subject to be treq^nently 
wrapped in fog, and are often thereby rendered useless, 
at times when lights on a lower level might be perfectly 
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efficient. But this rule must not, and indeed cannot, 

be strictly followed, especially 'on the British coast, 
where there are so many projecting cliffs, which, while 
thcY subject the lights plaoed on them to occasional 
obscuration hv foj^. would also entirely and peniianently 
hide IVdiu vii'w liL'lits plnci-d on the lower liuid adjoin- 
ing tiiPin. In ?n(:h ease*, all that can be done Is care- 
fullv to wei^h -Al thv chruiristaiiees of the locality, and 
ehon I tint n 1 i rhi [i-iillinuso which seems to afford 
the iti t 1 ill t' iidviiutugii to na\igation. As 
might he exiiceted. in (|uestious of this kind, the opinions 
of the most experienced persons arc often very con- 
flicting, according to the value which is set on the vari- 
ous elements which enter into the inquiry. 

10. The best position for a sea-light ought rarely to 
he neglected for the sake of the more immediate benefit 
of some neighbouring port, however important or influ- 
ential ; and the interests of navigation, as well as the 
true welfare of the port itself, will generally he much 
better served by placing the sealight where it ought to 
be, and adding, on a smaller scale, anoh subsidiary 
lights as tite channel leading to the entrance of the port 
may reqnire. 

11. It may be heM as a general maxim, that the 
fewer lights that ea,n be employed in the illnmination of 
a coast the better, not only on the score of economy, 
bat also of real efficiency. Every light needlessly erected 
may, in certain circamstances, become a sonree of con- 
fusion to the mariner ; and, in the event of another light 
being required in the neighbourhood, it becomes a de- 
duction from the means of distinguishing it from the 
lights irhioh existed previons to its establishment. By 
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tlie needless erection of a new lighthouse, therefore, we 
not only expend jmUio treasure, bat waste the means of 
distinction among the neighbouring lights. 

12. Distinctions of lights, founded upon &e minute 
estimation of intervals of time between flashes, and 
especially on the measurement of the duration of light 
and dark periods, are less satisfactory to the great ma- 
jority of coasting seamen, and are more liable to derange- 
ment l)y atmospheric changes, than those distinctions 
which are founded on what may more properly be called 
the characf^^ristic appearance of the lights, in which 
the times for the recurrence of certain appearances differ 
so widely from ea«h other as not to require for their 
detection any very minute oh^ervutiini in n stormy 
night. Thus, for example, flasliin- li-l.r^ ..i' llv.. -seconds' 
interval, and revolving lights (if l;iiir a niiiiiite, one 
minute, and two minutes, are mucli more characteristic 
than those which are distinguished from each other by 
intervals varying according to a slower series of 5", 10", 
20", 40", &c. 

13. Harbour and local lights, which have a circum- 
scribed range, should generally be fixed instead of 
revolving; and may often, for the same reason, be 
safely distinguished by coloured media. In many cases 
also, where they are to serve as guides into a narrow 
channel, the leading lights which are used should, the 
same time, be so arranged as to serve for a distinction 
from any neighbouring lights. 

14. Floating lights, which are very expensive and 
more or less uncertain, from their liability to drift from 
their moorings, as well as defective in power, should 
never be employed to indicate a turning-point in a nsvi- 
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gation in any situation wliere the coDjimctioii of lights 
on the shore can be applied at any reasonable expense. 

The BpheroYdal form of the earth requires that the 
height of a lighthotise tower should increase proportion- 
ally to the difference between the earth's radius and the 
secant of the angle intorcoptod bRtivpon the no^-rnal to 
the spliero'id at the I'ghthoufie riinl the Tioini:)! at the 
point of the light's oecultatioii from tlio view of a dis- 
tant observer. The effect of atmospheric refraction, 
however, is too considerable to be neglected in estimat- 
ing the r^iuje of n light, or in computing the height of 
a tower T,-h;eli i- i-f.ruired to give to any light a given 
raiigp ; irui ium-i, therefore, in accoixlance with the 
influence of this clement, on the one hand ivrrcnse the 
range due to any given height, and vice versa reduce 
the height required for any given range, which a simple 
consideration of the form of the globe woald assign. In 
ascertaining this height, we may proceed as follows : — 

R^erring to the accompanying figure (No. 99), in 




L 
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which dU is a* segment of the ocean's surface, 0 t!be 
centre of the earth, L'L a lightfaonse, and S the position 
of the mariner's eye, we obtain the v&lne of LL'=H', 
the height of the tower in feet by the formnla, 

(1.) 

in which il=:the distance in English miles L' d at which 
the light would strike the ocean's surface. We then 
reduce this value of by the correction for mean 
refraction, which permits the light to be seen at a 



" 21 ' 



(2.) 

So as to get, H=?|-|f=^^ (3.) 

an expreasion which at once gives the height of the 
tower required, if the eye of the mariner were just on 
the surface of the water at d, where the tangent between 
his eye at S and the light at L would touch the sea. 
We must, therefore, in the first instance, find the dis- 
tance d S= V, which is the radius of the vi.^ible horizon 
due to the height SS'=/( of lii.^ eye above tlie water, and 
is, of conrse, at once obtained conversely by the expres- 
sion : — 

f = (4.) 

Deducting tln.-i distance from iiL. iLc wIkiIc ellcctive 
range of the light, we have Ld^l, and operating with 
this value in the former equation, 
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we find tlie height of tlic tower Hliich nnsivei-j tlic con- 
ditions of the case.* From the above data tlie i'ullow- 
iog Tahle has been computed. 



u 
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Heights 
in Feet 


Lengths 
Miles. 


I,engthH 
Miles. 
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10 
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90 


1254' 
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28062 


2433 


30 


7-i'45 


0-283 


95 


12-893 


ll'lS 


500 


20-580 


25-65 




7-S9G 


0737 


100 


13-226 


11-47 


550 


31-024 


2G-90 


40 




7-2.15 


110 


13-674 


12-03 


600 


32-403 


28-10 


45 


8-S74 


7GitG 




14-490 


12-5(; 


050 


33-72t> 




50 


9-354 


eaia 


130 


15-083 


13-08 


700 


35-000 


30-28 


55 


9-811 


S-a09 


140 


15-052 


13-57 


800 


37-416 


32-45 


SO 


10-346 


s-eee 


ISO 


17-201 


14-91 


900 


39-836 


34-54 


65 


10-665 


9-249 


300 


18-708 


16-22 


1000 


41-833 


36-28 



If the distance at which a light of given height can 



which in Scutluiid may he toiisidiircd as bearing tu iiauticul miles 
the mtio of 5280 to 6088. In order lo courert a distance given 
ia uauUonl miles to English milos, all that is needfU is to add 
file log of tiie number of nautical miles to log 5260, aod tubtraat 
log 6088. 

i 
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be seen by a person on a given level be required, it is 
only needful to add together tbe two numbers in the 
column of lengths X or A' (according as Nautical or 
English miles may be souglit), corresponding to tliose in 
the column of heights II, which represent rcspcetiveJy 
the height of the nbserver's eye and the height of the 
lantern above the sea. When the height required to 
render a light visible at a given distance is required, 
must seek first for the number in "K or \' correspond- 
ing to the height of the observer's eye, and deduct this 
from the whole proposed range of the light, and opposite 
the remainder in A or \' seek for the corresponding 
number in H. 

A considerable practical defect in all the lighthouse 
lanterns which I have ever seen, with the exception of 
those recently constructed for the Scotch lighthouses, 
consists in the vertical direcfaon of the asls'agals, which, 
of course, tend to intercept the whole or a great part of 
the light ia the azimnth which they subtend* The 
consideration of the improvement which I had eSettteA 
in giving a diagonal direction to the joints of the fixed 
refractors (see page 46, Part II.), first led me to adopt 
a diagonal arrangement of the framework which carries 
the cnp(^ of zones, and afterwards for the astragals of 
the lantern. Not only is this direoHon of the astra- 
gals more advantageous for equalizing the effect of the 
light ; but the greater stiShess and strength which such 
an arrangement gives to the framework of the lantern, 



• I must also except ihe small pier light at Kirkcaldj, erected 
(I beiievB in 183G) bj mj friend Mr Edward Sang. 
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Mik It ifcti. u( iiiin sii.dcrinr^ ii 1 tlms ilso 
ibsohif, h 1 li^hi I mUu ft 1 Tli< ] iiM f Jis^ 
at the sn.me time become tnfiDffular, am! are tiecessa.rilv 
stronger than rcctaTiiriilarpaiies lA equal ^urlace. This 
form i hnkrii i i\ne ri I li ! r i il 1 _ i t mil is 
,lie«n TTitii 1 111 1 1 II II I II 1 iimpal 

parts, in I'Li.ti' X. !■! ;iviinl tlu' in'C'' .~itv -r, paint- 
lilmh msitiiinnj s , p ,1 i tlm ilmli light 
nouses generally occupy, is attenaea ivitn many jneon- 
veniences and no small risk, the framework of the lan- 
tern is now formed of gun-rnetal and the dome is of 
copper. A lantern for a light of the first order, 12 feet 
in diameter, and with glass frames 10 feet high, costs, 
when glazed, about £1260. In order to give the light- 
keepers free access to cleanse and wash the npper panes 
of the lantern (aa operation TMch in sno-wy weather 
must sometimes be frequently repeated during the niglit), 
a narrow gangway, on which they may safely stand, is 
placed on ihe level of the top of the lower panes, and at 
(he top of the second panea, rings are provided of which 
the li^tkeepers may lay hold for security in stormy 
weatlier. A light trap-ladder is also attached to the out- 
side of the lantern by means of which there is an easy 
access to the ventilator on the dome. 

Great oare is bestowed on the glazing of tiie lantern, 
in order that it may be quite impervious to water, even 
during the heaviest gales. When iron is used for the 
frames, they are carefully and frequently painted ; but 
gnii-metal, as jost noticed, is now generally used in the 
Scotch lighthouses. There is great risk of the glass 
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plates being broken by the staking of the lantern during 
higb winds ; and as much aa possible to prevent this, 
various precautions are adopted. The arris of each 
plate is always carefully rounded by grinding; and 
grooves about i inch wide, capable of holding a good 
thickness of putty, arc provided in tbc astragals for 
receiving the glass, which U i inch thick. Small pieces 
of lead or wood are inserted between the frames and the 
plates of glass against which they may press, and by 
■which they arc completely separated from the more 
unyielding niiiterial of which the lantern-frames are 
compoijed. Pane^ glazed in frames padded with cushions, 
and capable of being temporarily fixed in a few minutes, 
in the room of a broken plate, are kept ready for use ia 
the atore-room. Those framed plates are called storm- 
panes, and have been found very naeful on several ooca- 
siona, when the glass has been shattered by large sea- 
birds coming against it in a stormy night, or by small 
atones violently driven against the lantern by the force 
of the wind. 

The ventilation of the lanterns forms a most important 
element in the preservation of a good and efficient light. 
An ill-ventilated lantern has its sides continually covered 
with the water of condensation, which Is produced by 

the contact of the ascending current of heated air ; and 
the glass, thus obscured, olistruct:) the passage of the 
rays and aimini^,llep die power of the liglit. In the 
Northern Lighthouses, ventilators, capable of being 
opened and shut at pleasure, so as to admit from with- 
out a supply of air when rei^uired, are provided in the 
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parapet-wall on ivhich the lantern stamls ; the limtern 
roof also is surmounted hy a cover »liich, wliile it eloscs 
the top of an open cjliiidric tube agaiiii^t the ontmnce 
of rain, and descends over it imlv su fur as is needful 
for that purpose, still leaves an open air-sjiace between 
it and the dome. This a rr an ire men t permits the current 
of heated air, which ia continually flowing from the 
lantern through the cjlmdric tube, to pass between it 
and the outer cover, from which it finallv escapes to the 
open air through the space between the cover and the 
dome. The door which communicates from the light- 
room through the parapet to the balcony outside, is also 
made the means of ventilating the liglitroom ; and, for 
that purpose, it is provided with a eliding bolt at the 
bottom, whioli, being dropped into one or other of die 
holes cut in the balcony for its reception, serves to keep 
the door open at any angle that may be found necea- 
Bary. A usefnl precaution was introduced by my prede- 
cessor, as Engineer to the Northern Lights Soard, in 
order to prevent the too rapid condensation of heated 
ur on the large internal surface of the lantern roof, 
.vhich consists in having two domes with an air-space 
between them, as shewn in the enlarged diagrams in 
Plate X. 

An important improvement in the ventilation of light- 
houses was, some years ago, introduced by Ur I aniday 
into several of the lighthouses belonging to the 'J i inlty 
House, and has since been adopted in all the dioptric 
lights belonging to the Commissioners of Northern 
lighthonses. After mentioning several proofs of ex- 
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treinr'iy i-.Lii vi'iiLhition in lighthooBes, l>r Faraday thus 
dcsui'ilK's his apparatus;* 

" The vcntilatiog pipe or cliimncy is a copper tube, 
4 inches in diameter, not, however, in one length, but 
divided into three or four pieces ; the lower end of each 
of those pieces for about 1^ inch is opened out into a 
conical form, about 5^^ inches in diameter at the lowest 
part. When the ciiimneyis put together, the upper end 
of the bottom piece is inserted about f inch into tlie cone 
of tiie next piece above, and fixed there by three ties or 
pirns, so that the two pieces are firmly held together ; 
but there is BtiU plenty of air-way or entrance into the 
ohimney between them. The same arrangement holds 
good with each sncceeding piece. When the yentilating 
cMmney is fixed tu its place, it is ai^ueted bo that the 
lamp-chimney enters about i inch into the lower cone, 
and the top of the ren^&ig chimney enters into the 
cowl or head of the lantern. 

" With this arrangement, it is found that the action 
of the ventilating flue is to carry up every portion of 
the products of combustion into the cowl; none passes 
by the cone apertures oat of the flue into the air of th9 
lantern, but a portion of the air passes from the lantern 
by these apertures into the flue, and so the lantern itself 
is in some degree ventilated. 

" The important uae of these cone apertures is, that 
when a sudden gust or eddy of wind strikes into the 
cowl of the lantern, it should sot have any effect in dis- 
turbing or altering the flame. It is found that the wind 



* Minutes of Imtitntiau of CSril Engineen, toL L, p, 207. 

Digitized by GoOglC 



CONN'ECTEl) WITU l.KJliTllOUaKK. liil 

may blow suddenly in at the cowl, and the efifect never 
reaches the lamp. The upper, or the second, or the 
third, or evun the fourth portion of the ventil;iti;ig fine 
might bo entirely closed, yet uithout ^ilti'iin;.' the flame. 
The cone junctions in no way inierfero with the tuhe in 
carrying up al! the prudui.t- cf i.iii'Ll.iL-:io]i ; hut if any 
downward current occurs, ihey di^iiu.-i' of the whole of 
it into the room without ever affecting the lamp. The 
ventilating flue is in fact a tabe, which, as regards the 
lamp, uan carry everything up bat conveys aothing 
down." 

The advantages of this arrangement, as applied to the 
Northern Lighthouses, were much less palpable than 
those wfaicfa are described in the beginning of Dr Fara- 
day's paper, beoaoBe their ventilation wa8 very' good 
before its introduction ; and the flame in particular was 
perfectly steady, being by no means subject to derange- 
ment from sudden gusts of wind from the roof in the 
manner noticed above. 

AM the lighthouses in the district of the Scotch Com- 
missionerB are under the charge of at least two light- 
keepers, whose duties are to cleanse and prepare the 
apparatus for the night illumination, to mount guard 
nngly after the light is exhibited, and to relieve each 
other at stated hours, fixed by the printed regulations 
and instructions, under which they act. The rule is, 
that no keeper on watch shall, under any circumstances, 
leave the lightroom until relieved hy his comrade ; and, 
for the purpose of cutting off all pretext for the neglect 
of this univorsiil law, the dwelling-houses are built 
close to the Light Tower, and means are provided for 
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making BignulB direcUj from the lightroom to tlie sleep- 
ing apartments below. The eignals are communicated 
by air-tubes (Hate XII.), which pass from the lightroom 
to the sleeping- apartments in the liouaes, and through 
which, by means of a small piston, or a pufF of wind from 
the mouth, calls can he cxclianticJ between the keepers. 
The man on guard in tlio ligbtroom, at the end of the 
watch, or on any sudden emorgencc, may thus summon 
his comrade from below, who, on being thu.s called, 
answers by a counter-blast, to shew that the summons 
Las been heard and will be obeyed. For the purpose 
of greater security, in sucli situatiim? as tbe liell Rock 
and the Skerryvore, four keepers are provided for one 
lightroom; one being always ashore on leave n-itb his 
family, and the other three being at the lighthouse ; so 
that, in case of the illness of one lightkeeper, an efficient 
establishment of two keepers for watching the light may 
remain. At all the land-lighthouse a also, an agreement 
ia made with some steady person residing in the neigh- 
bourhood, who is instructed in the management of the 
light and cleansing of the apparatus, and comes under 
an obligation to be ready to do duty in the light-room 
when called upon| in the event of the sickness or absence 
of one of the lightkeepers. This person is called tbe 
occasional lee&per, and receives pay only while actually 
employed at the lighthouse ; but in order to keep Mm in 
the practice of the duty, he is required to serve in the 
lightroom for a fortnight annually in the month of Janu- 
ary. For the more minute details of the ligbtkeeper's 
duty, I wonld refer the reader to tbe Instructions already 
allnded to, which will be found at the end of this volume. 
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Eacli uf the two liglitkoopcrs has a house for himself 
and family, hoth being under a common roof, but enter- 
ing hy separate doors, as shewn in Platea XI. and XII., 
which exhibit the buildings for the now lighthouse at 
Ardnamurchan Point, on the coast of Argjllsliire. The 
principal keeper's house consists of sis rooms, two of 
which are at the disposal of the visiting ofScerg of the 
Board whose duty in inspecting the lighthouse or 
superintending repairs, may call them to the station ; 
and the assistant lias four rooms, one of which is used 
as a barrack-room for the workmen, who, under the 
direction of the foreman of the lightroom wwks, exe- 
cute the annual repiurs of the apparatus. 

The early lighthouses contuued aooommodation fw 
the Eghtkeepers in tiie tower itself ; but the dust caused 
bjr the cleaning of those rooms in the tower was found 
to be very injurious to the delicate apparatus luid ma- 
chinery in &9 lightroom. tTnlesa, therefore, in sitoa- 
tione such as the Eddystone, the Bell Bock, or the Skerry- 
Tore, where it is unavoidable, the dweUings^of the light- 
keepers ought not to be placed in the Light Tower, but 
in an adjoining building. 

Great care should be bestowed to produce the utmost 
cleanliness in everything connected with a lighthouse, 
the optical apparatus of which is of such a nature as to 
suffer mat«rially from the effect of dust in injuring its 
polish. For this purpose eovered ash-pits are provided 
at all the dwelling-houses, in order thiit the dust of the 
fire-places may not bo carried by t]w wind to the lights 
room; and, for similar reasons, iron floors are used for 
the lightrooms instead of stone, which is vftea. liable to 
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abrasion, and all the stonework near Hhe lantern is re- 
gularly painted in oil. 

If, in al) that belongs tu a lightlioiise, the greateat 
cleanliness be desirable, it is in a still higher degree 
necessary in every part of the lightroom apparatus, with- 
out which the optical instruments and the machinery 
will neither last long nor work well. Every part of the 
apparatus, whether lenses or reflectors, should be care- 
fully freed from dust before being eitber washed or bur- 
nished ; and without such a precaution, the cleansing 
process would only serve to scratch them. For burnish- 
ing the reflectors, prepared rouje (tritoside of iron) of 
the finest description, which should be in the state of an 
■impalpable powder of a deep orange-red colour, is ap- 
plied, by means of soft chamois skins, as occasion may 
require ; but the great art of keeping reflectors clean 
consists in the daily, patient, and skilful application of 
manual labour in rubbing the surface «f the inatrmnent 
with a perfectly dry, soft, and clean skin, without rouge. 
The form of the hollow paraboloid is such, that gome 
practice is necessary in order to acquire a free move- 
ment of the hand in rubbing reflectors ; and its attain- 
ment forms one of the priuoipal lessons in the course of 
the preliminary instruction, to which candidates for the 
situation of a lightkeeper are subjected at the Bell Book 
Iiighthouse. For cleansing the lenses and glass mirrors, 
spirit of wine is used. Having washed the surface of 
the instrument with a linen cloth steeped in spirit of 
wine, it is Darsfolly dried with a soft and dry linen rub- 
ber, and finally rubbed with a fine chamois skin, free 
from any dust which would ii^ure the polish of the glaae, 
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as well as from grease. It is Bometimes neoessaiy to 
nee a little fine rouge vith a chamois skin, for reBtoring 
any deficiency of polish which may occur &om time to 
time ; but in a well-managed lighthouse this application 
will seldom, if erer, be required. 

The machinery of all kinds, whether that of the 
mechanical lamp or the rerolnng apparatus, should also 
be kept scrupulouBly clean, and all the journals should 
be regularly and carefully oiled. 

As I have had frequent occasion to epcak of the com- 
parative power of lights, it will not be out of place to 
present the reader with li few [irLutical observations, 
chiefly drawn from the oxccllsjiit work of M. I'eclet to 
which I have so often roferreit, on the measurement of 
the intensity of lights by the method of shadows. 

The intensity of light decreases as the observer ret odes 
from the luminous body, in proportion to the square of 
his distance. Suppose a beam of light to proceed from a 
radiant at F (fig. 100), and we shall have the rays w;hioh. 



of course, move in striught lines, gradually receding 
from each other, as 6, V, b'', IT, and c, c', C, so that 
the section of the beam will increase with the distance 
F b, and F c ; and the same number of rays, being thus 



Fig. 100. 
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apread over spaceB contiimaUy increasing, vrHl illn- 
minate the surfaces vith a less intensity. This decrease 
of intensity will, therefore, he in the inverse ratio of the 
extent of the transverse parallel sections of the luminous 
oones at b and c, which, we know, increase as the square 
of their distances from the apex of the cone at F. Hence 
we conclude, that the intensity of any section of a diver- 
gent beam of light decreases as the s<piartt of its distance 
from the radiant. Tliig lawfurnifihes us with a simple 
measure of the comparative intousity of lights. If we 
suppose two lights so placed that they may separately 
illuminate adjacent portions of a vertical screen of paper, 
we may, hy repeatedly comparing the luminousnesa of 
those surfaces, and moving one of the lights farther 
from, or nearer to the screen, at length cause the sepa- 
rate portions of the paper to hecome equally luminous. 
This arrangement, however, has many practical diffi- 
culties, which I shall not -wait to specify; hut shall at 
once indicate a more simple and equally correct mode 
of obtaining the same result, by means of the shadows 
oaat by the lights from an opaque rod, in a TerUc^ por- 
tion at 0 (fig. 101), placed between them, and a screen 



Fig. ML 
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covered with wliite paper on which the shadows fall. 
It is obvious that the light at F would cause the ohject 
0 to cast a shadow at SS, while the light at F would 
cast a shadow at S' S'. But while the shadow at S would 
etill receive light from F', S' would receive light from 
F, 80 thai those two shadows are, in fact, the only por- 
tions of the screen which are each illuminated only by 
one of the lights, while every o^r portion of its but- 
face reoeiveB light from both the radiants at F and F'. 
If we suppose F to be the weaker light, we can bring it 
nearer the screen, until the shadow 8' 8", shall become 
similar in appearance to the shadow S S ; and we shall 
have the ratio of the intensity of the light at F to that 
of the light at P, as (F S^Mb to (F S)», which dis- 
tances most be measured with the greatest exactness. 
Such is the mode commonly used in estimating the com- 
parative intensities of two lights ; but there are various 
precautions which are needful in order to prevent errors 
in comparing the deepness of the shadows, and to insure 
the greatest attainable accuracy in the'estimate of the 
power of the lights, which I shall endeavour briefly to 
describe. 

The difficulties of estimating the deepness or sharp- 
ness of the sliadow is very great, and many persons 
seem quite incapable of arriving at any right judgment 
in this matter. Tbe same person also discover sncb 
unaccountable variations in his decision after observa- 
tions made at short intervals of time, as, one would think, 
can only arise from a sudden change of the intensity of 
one or both lights. M. Peclet, in his Traite de I'eclair- 
age, ^ves, as the result of his experience (and I can 
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fnlly confirm his reBult by my own), that those diflfer- 
enoea depend less frequently on any real difficulty of 
estimating the deepness of the shadows, thaa on varia- 
tions in the position of the observer, or rather in the 
angle at which he views the shadows, and that, conse- 
quently, in proportion to the distance between the two 
shadows, this source of error is increaaed. Any thing 
liie a glossy texture of the surface of the screen, which 
then, of course, becomes a reflector, also tends to aggra- 
vate this evil. Thus, if the two lights which are to be 
comparmi lie placed on a table, in snch sitiiatiMiK as to 
spread pretty far apart on tlie screen the sliarldsvs of a 
vertical rod placed between them ; and if the shadow 
nearer to the observer seem to be a little deeper or 
sharper than the other, let the observer look at them 
ftom the other side of the table, and their difference 
will he reversed, and that which seemed the paler, will 
become the deeper. Again, if the difference between 
the two shadows be very great when seen from the right 
side of the screen, it may happen that, on viewing them 
from the left hand, the difference may still be in favour 
of the same shadow, but in a much less degree. 

"When I observed this effect," say^i M. Peclet,* " I 
tried to view the shadows through a transparent screen, 
but I remarked the same variations. They were indeed 
even more sensible ; for a variation in the distance of 
the eye of a few centimetres, made a prodigious change 
in the deepness of the shadows. I observed also that 



* TnaU ae I'Edairsge, p. 314. 
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the shadow was much deeper wlien seen in the line of 
the light, and that, in every other direction, it beoame 
paler in proportion as the eye receded from that direc- 
tion. 

"In all the cases which I have just dcscrilicd, the 
differences of the tiats when the position is changed, in- 
crease in proportion aa the shadows arc farther tcparate ; 
and they grow very minate when the shadows are almost 
tonching each other. 

" Let A B (fig. 102) he a white opaqne surface, a, a 



Pig. 102. 




InminouB body, and m, a b]ack opaqne body, then the 
shadow ft* cast on A B, will appear deeper when obserred 
from P, than as seen from Q. This is a fact which may 
he easily verified, and the osnee of which is easily con- 
ceived. In fact, the surface A B, although it disperses 
the light, must still reflect more of it, in the directions 
in which the regular reflection takes place ; and hence 
the rajs which are reflected round about the shadow, 
must have a greater intensity in the direction of P thaa 
in that of Q, und, consequently, the shadow b' mnst ap- 
pear deeper from the point F than from Q. 
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" If we now place (fig. 103) two lights in front of the 



screen AB, at finch distances that the two shadows a' 
and 1)' should have equal intensities, it is evident that 
if the eye he placed at P, the shadow V must appear 
more intense than the shadow a', and that the reverse 
will take place if the eye be at_Q. But the diderence 
which is then observed, arises not only from the diff^ 
ence in the brightness of the ports snrronnding the 
shadows, hut also from a difference in the intensity of 
tJie shadows themselves; for the shadow V is illnmi- 
nated by &, and radiates much more towards Q than 
towards P ; imd, on the contrary, the shadow a', which 
is illuminated by o, radiates much more towards P 
than towards, Q. We perceive also why the differ- 
twxt of the tints increase with the separation of the 
two shadows, and why they become very small when the 
shadows touch each other ; it is because, in proportion 
as the shadows are farther apart, ea«h of them is illu- 
minated more obliquely, and a greater quantity of light 
is radiated (by reflection) in the regular direction. 
When they touch each other, on the contrary, they are 
illuminated almost perpendicularly, land consequently 
the shadows radiate light almost equally on either side. 



Fig. 103. 
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" Those Euiomalies of a like kind irhich are obserred 
when, the shadowB are viewed through a tranalncent 
body, EQch as paper or linen, may be referred to a simi- 
lar canae. We know, in fact, that, in looking throngh 
a translucent medium, we always, more orleas, distinctly 
perceive the luminous body hohind it, and, also, that 
there is a very large proportion of the rays which tra- 
verse tlio body, which stray but a little from the direction 
which they would follow if the substance were absolutely 
transparent. Consequently, the space which surrounds 
the shadow is more luminous in proportion as wc come 
nearer to the direction of the shadow ; and as the abso- 
lute intensity of tbc shadows diminishes as we come 
nearer to the direction of the rays wliich light them, 
those two effects concur to increase the intensity of that 
shadow to which the eye is nearer. 

" As the dispersion by reflection is much more com- 
plete than by refraction, the variations of which we have 
just spoken are much greater with a transparent screen, 
through which the shadows are viewed, than with an 
opaque screen (from which they are reflected)." 

The mode of comparing lights adopted by M. Feclet 
IB thus described by himaelf. " 1 view," eays he, " firat, 
the two shadows in such a manner that both of them 
may be seen in suocdssion from eit^ier Bide of the body 
which prodnoes ttem, and at equal dietanoes. For this 
purpose I use a good opera-glasB. I alter the distance 
of the flames until in those two positions I perceive the 
difi^renoes (of the intensity in the shadows) to be in 
opposite directions. The distances of the lamps may 
then be oonudered as very nearly in the proper propor- 
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tion for' producing equal shadows, and to make them 
exactly so, the differences, which are observed on either 
Eidc (of the centre line between them), should be cqua,l ; 
and, of course, the two shadows themselves, seen at one 
moment from either side of the opaque body, should be 
perfectly equal also.* These three observationB, which 
mutually serve to verify or correct each other, 'will lead, 
with a little practice, to very great precision in the 
result. We may, also, by using a narrow screen, bring 
the shadows sufficiently near to touch each other ; the 
variations of the tints then become very small by any 
change of our position, and we may, in this case, rest 
content with observing them from one point. To get 
rid of large pennmbrae, which are always an obstacle in 
forming a right estimate of the tintB of the shadows, I 
place the opaqne body very near the screen. 

"When ve wish to malce a great many observations, 
it is very convenient to mark divisions on the table 
(which carries the lights), in order to read off, by means 
of them, the distance of the lamps from the shadows 
which they illuminate. By this means, each observa- 
tion need not occupy more than two minutes. I gene- 
rally uBfl a table CO BD (fig. 104), about two metres 
long (6 feet 6 inchra), by 80 centim^res wide (2 feet 
8 inches). At one end I place the screen AB, covered 



* I piefbr to view the ezterior portions of both Bhadowi ftom 
the central line itself, in which owe the opaque rod standg between 
them, beoaiue, in this maimer, I obt^ b nuae correct compuiran 
by the diieot contmrt of the surftcei than by Boccessire views of 
them, however qoioUf taken. 

A. S. 
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with vMte paper, dull (or not glased), and kept in a 
Fig. 104. 



vertical plaoc by two small pieces I' and Q. Through 
the point M, the centre of the opaque body, I draw two 
lines M/ and Mg, equally inclined to the centra,] line 
a^j/, whose extremities b', a' are the axes of the two 
shadows. These lin» most be inclined in such a man- 
ner that the distance of the shadowa may be a little less 
than the diameter of the opaqne bod;, or so that they 
may actually touch each other, according to the mode of 
observing vhich you wish to follow. These lines M /, 
M jr I divide into decimetres and centimetres (starting 
from the points a*, V), and over those lines I place the 
centres of ihe flames, so that tiie distance between the 
shadows remains always the same, whatever may be the 
distance of the lamps. In order to determine the dis- 
tance of each lamp from the shadow which it illuminates, 
we ought, strictly speaking, t« take the distance of the 
centre of the flame b from the point a' ; hut as the distance 
from the point h to the point a' differs little from the dis- 
tance between the points b and b', we may assume the 
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latter for tlie former, vitiiont caueing any eenBible error. 
That distanoe ma; be very conveniently asoertuned by 
taking tlie half of the Btim of the distances of the two ex- 
tremities z and / of the diameter of the pedestal of the 
lampi. When the burner is not placed over the centre of 
the pedestal, we may suspend from it a small plnmmet, 
whose point will touch some divisioB and indicate the 
distance between the centre of the burner and the shadow. 

" When the lights are coloured, the shadows are 
coloured also, and it is then far more difficult to judge 
accurately of their intensity. They may, in that case, 
he much better seen from the point x, as the black 
opaque body which is interposed between them renders 
the difference of colour less sensible to the eye. 

" The opaque body M is a cjlindric rod of iron, whose 
upper part is blackened in the flame of a lamp, in order 
to prevent the reflection which might interfere with the 
sharpness ( nettete ) of the shadows, and to make them 
more distinct when they are viewed from the point a;."* 

T shall make a few trifling additions to M. Pcclet's 
clear description of his excellent mode of measuring the 
intensity of lights. It is, of course, presumed through- 
out that the centres of the flames should be on one level ; 
and I have found it most convenient to place the lamps 
on small carriages with rollers, which are guided by 
means of fine strips of wood nailed along the table in 
the directions g M and/M, and carrying the divided 



* Those who feel b enriootj to look fis/^aa into this subjeot 
may oontnlt Coimt Bnmfitid'i «lsboiata pqwr In flia FhiL Trana. 
Ar 1794, p. 67. 
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acalea of centini^ea. "niis affords the means of m&kiug 
any slight change in the position of the lamps so ei^ily, 
as entirely to avoid the disturbance of the flame which 
ensnes from lifting the lamp and readjusting it in 
another position ; and will, in practice, be found very 
convenient when many observations are to be made. I 
have already said that my own experience has satisfied 
me tbat, witi tlie aid of a good opera-glass, the central 
observation of t!ic two shadows, with the opaque rod 
between ilicni, is by far tlie lK;st, and conducts, at once, 
to a result ivlucli is cuntirmt;!! by tbe observations of two 
assistants who watcli the shadows at the same time on 
opposite sides of tbe table, and at ei^ual distances from 
them. I have found it convenient in comparing lights, 
to cover the table with dull black linen cloth, and to 
surround it with curtains of the same material, hung 
from slender brackets, in such a manner as to leave 
space for the observer to move freely round the table 
within them. The curtains prevent reflection from the 
walls of the chamber in which the experiments may be 
condnoted, and also lessen the disturbing effects of cur- 
rents of air. When a oompanson of the inteiisit^, and 
not of the aggregate povter of two flames, is to be made, 
it is necessary -to adopt the preoantion of inclosing the 
lights in opaqne hozeS] with sUts of equal area in each, 
placed on the same level, and so arranged, in reference 
to the flames, as to he directly oppoute the brightest 
portion of each. After what has been said, it will be 
almost needless to add that the quotient of the square 
of the greater observed dUtanoe divided hy the lesser, 
it the ratio of the illmdnating power of the two flames. 
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The ulost convenient mode of re^stering obBSTrationB, 
nnd that which is generally pracdBed, is in the form of 
a Table lite the following : — 



— 

Trials. 


Distaoce. 







llluDiinat 








Lamp B. 




Lamp B. 


lamp A. 


Lamp B. 


1 


143 


140 


20,449 


19,700 


1-00 


0-968 


2 


in 


114 


13,689 


12,996 


I'OO 


0-949 



As a standard lamp by which to test others, I believe 
none will he found superior to the heat Carcel lamp, which 
lias a clockwork movement, and whose flame continues 
lo increase in power for about four hours after it is 
lighted ; after which it maintains its state permanently, 
until the supply of oil fails. This fact was verified by 
M. Feiclet with the greatest care. " I took," saya he, 
" two similar lamps. They wer« lighted at the same 
time, and their relative intensitira were tneaBtitcfd. One 
WSB then eztingaiBhed, without toncbing the wick, md 
ite clockwork movement was stopped. One boOr afteov 
wards, I set tii6 clockwork in motion and relighted 
the lamp, bat without tonching the wick. It was fonnd in 
the same state as at the first comparison, and I measured 
its intensity in reference to the firsts Those experi- 
ments I repeated every hour, and these are tiie results 
which I obtained. The lamp which I call No. 1, is that 
which remEuned continually burning; No. 2i3tliatiAieb 
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was only lighted during the oontinnance of the (sn 

sive) 0 



ObeervaUon. 



Lunp, No. 1. Lunp, No. 2. 



10 30 

11 30 
la 30 



This ourions scale of increase in power, Beems to be 
Bolely dne to a pecnliarity of the manner in which the 
lamp, that derives its supply of oil by clockwork, 
becomes heated ; and the eSeot may be described as 
follows : The heating of the wioka, the chimney, and 
the oil in this burner, as in that of all other lampa, tends 
to increase tho light ; hut, in an ordinary lamp, acting 
hy a constant pressure, this maximum of heat is soon 
attained ; whereas in the clockwork-lamp, into the burner 
of which the oil ia thrown up hy a pump, the >vhoIe of 
the oil in the cistern must roach its maximum tempera- 
ture before the best effect of that lamp is produced. 
After this state has been reached, there is no disturbing 
influence at work, and the lamp bums steadily as long 
as the oil lasts. 
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I have myself tiried what may naturally appear to be 
the most siinple mode of obtaining an unvarying etan- 
dard-light, by employing a gas-bnmer, supplied from a 
gasometer nnder a constant pressure ; hat I fonnd it 
very difficult to ohtEun satisfactory proof of the oon- 
Btancy of the presanre ; and in a large town, where 
there are many homers around one, their lighting or 
extinction is found to exercise a material influence in 
changing the fonditioTi of tlio tlaiiic. I must confess 
tliat I liave aliviiys lu'en disapijiiiiiu'd in attempting to 
use a gas-flame aw a standard of comparison. 

A very convenient form, of photometer has been in- 
veiitcd by Professor Bunsen of Marburg. It consists of 
a disc of writing paper, in the centre of wliich is painted, 
with a camel-hair pencil dipped in spermaceti dis- 
solved in naphtha, a ring, surrounding a small circular 
spot. At a fixed distance behind this disc is placed a 
light which is not liable to variations in intensity ; and 
one of the two lights which are to be compared is placed 
in front of the paper disc, and is made to approach it, 
until the spot within the spermaceti ring disappears. 
Hie distance of the light is measm^d, and the light\ is 
then removed ; after which the other light is applieH 
in the same manner, mid the distanoe at which the<^ 
spot disappears is measured also. The ratio of the 
squares of the two distances from the paper disc will 
accurately represent the relatiye brightness of the two 
lights thus compared. The disappearance of the spot, 
within the ring, is obviously caused by the sum of the 
li^ts r^seted from it, and transmitted through it, be- 
coming equal to the earn of the lighU reflected from 
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and transmitted In/ the tranfilucent ring of spermaceti. 
It is of courpe assumed, that the light behind tlie paper 
disc remains constant hi intensity and distance; and, 
consequently, tJic light trannmitfcd hy the central spot, 
and h^i-n t!iat tr/inamiiled by the rlitjj "ill he invari- 
able al'^o. Since, tbeii, each of the lights, which are 
compared successively, eau.=e the central spot to dis- 
appear, it is evident that in hoth cases the light which 
falls from them on the paper must, at its surface, be 
equally bright ; and, therefore, the ratio of the squares 
of their distances from the paper is a true measure of 
their relative brightness. 

A less accurate approsimation may also he made, by 
substituting for the paper disc of Bunaen, one of the 
smsll rerolving beads of silTered glass, by means of 
whicb Professor Wheatstone describes bis beautiful lu- 
minous curves. . ^Hien a single bead is made to leTolve 
in a ellipse, so prolate as to appear like a straight line, 
and having its conjugate axis at right angles to the line 
-joining the lights, the position of the bead, when so 
actuated in the line joining the two lights, that the lumi- 
nous bands on either side of it appear of equal width, 
gires the means of determining their relative power. 

There are various dangers on the shores of Britain, 
more especially at the entrance of the great estuarite of 
England and also in Ireland, whose position is such as 
to put them beyond the reach of regular lighthouses. 
Sand-banks which are too soft to sustain a solid struc- 
ture, and have tno dof'p water on them to admit of the 
erection of scrcw-pik liglithousCfi, arc often the sites for 
mooring ligh (^vessels, to guide the mariner into the 
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entrance of BOiue estuary, or enable him to thread hia 
wsy through the mazes of gats and ohaimels, which, 
even during the daytime, baffle the mariner, who Bees 
no natural object on tide low sandy shores of the neigh- 
booring coast to help him to guess at his trne position. 
The first light-vessel moored on the coast of Great 
BritEun, was that at the Nore in 1734. There are now 
no fewer tlian 26 floating lights on the coast of England. 

By the kindness of the KIder Brethren of the Corpora 
tion of Trinity House of Dcptford Strond, I am enabled 
to give the following brief sketch of the nature and peon- 
liaritiea of floating lights which was communicated to me 
by Mr Herbert, the secretary of the Corporation ; — 

" The annual expense of maintaining a floating light, 
including the wages and victualling of the crew, who 
are eleven in number, is, on an average, £1.000 ; and the 
first cost of such a vcpsci, littod i.'OTnpli.'te witli lantern 
and lighting apparatus, anclior^, cables, etc., is nearly 
£5000. The lanterns are octagonal in form, :> feet 6 
inches in diameter ; and, where fixed lights are exhi- 
bited, they are fitted with eight Argand lamps, each 
in the focus of a parabolic refiector of twelve inches 
diameter ; but, in the revolving lights, four lamps and 
reflectors only are fitted. The greatest depth of water 
in wlicft any light-vessel belonging to the Corporation 
of Trinity House of Deptford Strond at present rides, is 
about 40 fathoms (which is at the station of the Seven 
Stoned between the Scilly Islands and the coast of Corn- 
vaSC). 

"The Corporation's light-Tossels are moored with 
chain-cables of li inch diameter, and a single mushroom 
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anchor of 32 cwt., in which eases the chain-cables are 
200 fathoms in length ; some of the a&id vessels afe 
moored to span-groimd moorings, consisting of 100 
fathoms of chain to each arm, and a mushroom anchor of 
similar weight at the end of each ; a riding cable of 150 
fathoms being in snch caees attached to the centre ring of 
the ground chain. The tonnage and general dimensions 
of the light-ressel are given on the drawing of the linos." 
• Still lower in the scale of " signs and marks of the 
sea," are 1)eaconB and bnoys, which iure used to point 
out those dangers which, either owing to the difficulty 
and expense that would attend the placing of more effi- 
cient marts to serve by night as well as by day, are 
necessarily left mthout lights, or which, from the peou- 
liarity of their position, m passages too intncate for 
naviitatiOTL bv niirht. ;itc. in prftfitice. considered to be 
suflicientlv maic.ated liy daT-marks alone. Beacons, 
as bciiiL' more permanent, arc preferred to buoys : but 
they are ;;cncrally placed only on rocks or bank.s which 
are clrv :it some prnod of the tide. On rocks, in ex- 
posed ituiti n 1 1 in 11 >Tn tini i >f s^n^red 
masonry, secured bv numerous joggles ; but. in situ- 
ations difficult of access and in which works of nn- 
completed masonry could not be safely left during the 
winter season, an open framework of cast-iron pipes, 
tirmlv trussed and braced, .and .secured to the rock with 
strong louts-bats, is preferred. The details of this 
framework are shewn at Plate XIII. A stone beacon 
of ahont 40 feet high may be erected for about £700, 
and the iron beaoon shewn at Hate XHI. for about 
£640. In less exposed places, where the bottom is rock. 
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gravel, or hard sand, a conical form of beacon, composed 
of cast-iron plates, united with 6angeB and screws, with 
rust-joints between them, and partially filled with con- 
crete, is aoEietimes used. A beacon of that kind can . 
be erected for about £400. 

Lastly, buoys, which may be regarded as the least 
efficient kind of mark, and as bearing the same relation 
to s beacon that a Soatiug-lighi does to a lighthonse, are 
used to mark by day dangen which are always covered 
even at low water, and also to line ont the fairways of 
channels. They are of three kinds, viz., the Nwor-huoy, 
in the form of a parabolic spindle, generally truncated at 
one end, so as to carry a mast or frame of cage-work, and 
loaded at the other end, so as to float in a vertical posi- 
tion; the <7an-&uo2/, whioh is a conoid floating on its side; 
and, lastly, the Cashivoy, which is & short fmstilm of 
a spindle truncated at both ends, but almost exclusively 
used for carrjing the warps of vessels riding at moor- 
ings. Those buoys are of various sizes and difler in 
cost. Mast-buoy8, from 10 to 15 feet in length, cost 
from £23, 15s. to £18 : and tlm^e of tlio lUbble and tlie 
Tay, which arc 21 and 1'4 feet long, cost re^iiectivelj 
.£105 and £79 ; the Cnn-hno-:i<- arc from fi to 8 feet long, 
and cost from £13, 13;. to :C><), r>s. Siiirtlh^r Imoys are 
also used in narrow estuaries or rivers. Large buoys arc 
often built on tni^cc? frames reseiubling the timbers of 
vessels. The Casli-buoy is gcncraliy G feet long, and 
costs £22, 15s. All tliosc buoys arc formed of strong 
oaken barrel- staves, well hooped with iron rings, and 
shielded with soft timber ; and the nozzle-pieces at the 
small end of the Nun and Can buoys are generally solid 
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quoins of oak or iroa, formed with a raglet or groove to 
receive the ends of the staves. Much skill, on the part of 
the cooper, is required in heating and moulding the staves 
to the required form ; and great care must be taken 
that they be of well-seasoned timber. Buoys are not 
caulked with oakum, but with dry flags which are closely 
compressed between the edges of ihe staves and swell 
on being wet ; and they arc carefully proved by steajni- 
ing them like barrels, to see if they be quite tight. 
Sheet-iron is sometimes used in making buoys, and they 
are then sometimes protected with fenders of timber; 
but they have been found more troublesome for tran- 
:iport and, for most situations, are considered less con- 
venient thcui those of timber. An attempt has lately 
been made, under my dlrecli<Hi, to conatmct bnoye of 
gutta percha, stretched on a frame of timber ; but I can- 
not at present speak confidmtly of the result. 

In the ■t>egmning of 1845, I euggested the idea of 
rendering beacons and buoys useful during night, by 
coating them with some phosphorescent suhstanoe, or 
surmounting them with a globe of strong glass filled 
mtii such a prepara>tion, whose combustion is very alow, 
and emits a dull whitish light and little heat. Some 
experiments were accordingly made ; but no practically 
useful result has been obtained. 

In laying down beacons or buoys, their position is 
fixed cither by the intersection of two lines drawn 
through two leading objects on the shore (the mag- 
netic bearings of which are gi\'en for the sake of easy 
refer<;iJCB on the spot, in iindiiig oui, the marks), or by 
means of the angles contained between lines drawn to 
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rarioas olgecte on the shore, wliich meet at the beacon 
or buoy from which they are measnred by means of a 

sextant. In the latter ease, the angles are always 
measured around the whole horizon, thus affording a 
check by the difference of their sum from 360°. The 
magnetic bearing of one of those lines is afterwards 
carefully ascertained, by means of the prismatic compass 
(if possible from one of the objects on shore, and if not, 
conversely from the beacon or baoy). so as to afford the 
means of translating the whole into magnetic bearings 
for tie uae of seamen. The buoys are moored by means 
of chtuns and iron einkers, with a BofGdent allowance 
in the length of the ehaio to permit them to ride easily. 

Addendum. — Since the pages (55 et seq. Part I.) 
went to press, in which I have noticed the erection of 
the tubular iron pillars for the lighthouse on the Bishop 
Bock off the Scilly IsIandB, I have learned, with regret, 
from my friend Mr Walker, the eminent en^eer who 
designed the work, that the whole had disappeared 
during the gale of the 5th and 6th February last. No 
account has reached me of the condition in which the 
rock was found when visited after the storm ; and it 
is, therefore, impossible to form any ctmjeetures as to 
the mode in which the pillars were destroyed; hut 
such an event naturally increases the doubta which I 
have ever entertained as to the fitness of such a struc- 
ture in situations exposed to the force of heavy waves, 
and strengthens my preference of weight instead of 
atre^tk as a source of stability. 
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THE LIGHTKBEPBRS 



THE NOETHEBN IISHTHOUSES. 



I. The Lamps eliall be kojjt burning bright and clear erery 
night from sunset to sunrise ; and in order that tlie greatest degree 
of light maybe niaintained timmghout the ii%ht. the Wicis must 
be trimmed every four hours, or oftener if ncoestjiry; iind tha 
Keeper who has the first watch shall taJre caru to turn the oil 
valves BO aa to let the oil flow into tha Burner a aafficient time 
before lighting. 

n. The Ll^tlceepen tiaH Isep a regular tmi oouBtant Wateh 

in the Light-room throughout the night. The First Watch shall 
begin at simsot. The Lightkcepers are to tale the Watches 
altematelj, in auch manner that he who has the first Watdi one 
night shall have the second Watcb noit night. The length or 
dmation of the Watch shall not, in ordinary cases, exceed four 
hoars ; but, during the period between the months of October and 
March, both induBive, the first Wotdi shall change at eight o'cbck. 
The Watches ahaQ at all timet be so arranged as to haye a shift 
at nudnight. ' 

m. At Stations where tltere is only one Light-room, the dsOy 
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Aatj aball 'he laid ont in two departments, and fba Liglitkeepen 
■ha]] cQianga from one department to the other eveij Satoid^ 
night. 

IV. FiBST DErAHTMENT. — The Lightkeeper who haa this de- 
partment shall, inunediatel^ after ibe Morning Watdi, polish or 
otherwise deiuue tiie RefleotorgarHe&aoton tiUthej'Brebroiii^t 
to ft proper state of briUisnc^ ; he shall also thoron^y cleanse 
the Lamps, and carefhllj' dust the Chandelier. He shall supply 
the BnmeTa witii ootton, the Lunps with oil, and shall have every 
tiling oonneoted with the Apparatns in a state of readiness for 
lighting in the evening. 

V. Becohi) Defutment. — The Lightkeeper irho has this 
department shall cleanse the glass uf tbi; Tjunterii, lamp-glosses, 
copper and brass work and utensils, the walls, Soora, anil balcony 
of the Light-room, and the apparatus and machinery therewith 
conneeted; together wBh the Tower stairs, passage, doors, and 
windows, from the Light-room to the Oil cellar. 

VI I'l.v - Miv nif'eotual oleansiBgof the glasa of the Lan- 
t.:ni. ,Liiii iii.iiL.i^vij], iil of the Lamps at the time of lighting, bDtli 
LiglitkL'i'juii s iliii'd 111' upon watch Hiroughout the first hour of the 
first wiitcli cFcry night, during tho winter period, between the first 
day of October uud last day of March, when th^ shall jointly do 
the duty of ths Ijight-raoin during that hour. ThMe changes to 
and from the double wal«h shall be intimated by the Keepers in 
the Monthly Returns for October and April. Tho Lightieepera 
must return tu tho Lighthoiise, on all i>craeicjnB, so as tu be in time 
to attend the Double Watch at Liglitii^g Time iluriiig the Winter 
Months. 

Vll. At those Stations where there are two Light^rooms, each 
Li^tkeeper shall perfbrm the entire dn^ of both departments 
in tliat Li^t-room to which he may be especially tqipointed. 
But after the first hour of the first Watdi, the Ligh&eepei who 
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ioB charge of this watch shall p^foria the whole dutj of trimmiiig 
and attraiding the Lighte of lioth Light-rooms tin Ihe expiry of 

his watcb ; and, in like manner, his sui'ivFsnr nn llie watfh shaE 
perform tho whole duty ofbuth l.i!;l;t-Pii(iiii- 'lurirL^j; "utcb. 

VIII. The Lightkeeper on riuty shall on no prelonw whatever, 
doling his watch, leave tho Light-room and balconj, or tho pas- 
aage leading from one Light^room to another, at atations where 
there are two Lights. Bells are provided at each Light-room to 
enaUa'the Lightkeeper on duty to aummoii the aheent Light- 
keeper ; and if at aaj time the Ligli&eepei on dntj shall think 
the preeecce or assistance of the Lij^tkeep^ not on duty is neces- 
iary, he shall •■a\l him hy ringing his beH, which should be imme- 
diutcly unsivi rnl liy tlu' ri:turn-HignaJ, and the Keeper bo called, 
should rujiLiir tu tLr Liifiil-room without delay. In like manner, 
when thi' \ruti:lii^4 mmc. to be changed, the bell shall be rung to 
call the LiglitkeeiMjr nest in turn. After wMeb the Lightkeeper 
on duty Kh:iU, :'t liin penl, remmu on guard till he is reUeved hy 
flie Lightkeeper in person who has the next watch. 

TX^ Should the bell of the Lightkeeper, whose turn it is to 
mount gooid, happen to be in an unserrioeable state, the other 
house-beU shall be tued, and some of the innuteB of that house 
tihoU call the Li^tbeper not on duty, so as by all meaua to 
uvoid leaving the Light-room without a oongtAut watch during the 

X. The Principal Lightkeeper is held responsible for the si^ty 
and good order of the Stores, UtensilB, and Apparatus of what 
kind soever ; and for every thing being put to its proper use, and 
kept in its proper plucc. lie stall take care that none uf the 
stores or materials are wasted, and shall observe the strictest eco- 
nomy, and ihe iiwst odrsit'ul management, yet so as to maintiiin in 
every ri'spcrr ilu; bi-al jjuisible light. 

XI. The Principal Lightkeeper shall daily serve out the allow- 



Digitizsd by GoOgle 



196 



APPENDIX. 



anoe of Oil and Otiher Stores fbr tlie use of the Light-room. Tlie 
<MI b to lie measured lij the Aesietatit, at ike right of the Priii> 
cipnl Lightbeeper. .The Iii^&eepen axe on no acooant to leave 
the Turning- !ke7e attadiedto the Crsnes of the Oil CiBteme, after 
drawing OH, but shaU remove and deposit fheni on the Tray heaicle 
the Oil measures. 

XII. The Lyiljii ■ ] ■ T £..:iLl ki'i^]> ii (l;iily Juumal of the quan- 
tity of Oil espended, the routine of their duty, and the state of the 
Weather, embodying any other remarks thai may occur. These 
ihoU be written in the Journal-Books, to be kept at each Stal^ 
for the porpose, at the periods of the day when th^oeonr.Mtliey 
must on no account be tmsted to memory. On the first day of 
eacli month they shall make up and traiumit to the Engineer a 
return, vihieh 6hail he an aoeaiate <»py of Uie Journal for the pre- 
ceding month. 

Xni. The Li^tteepers are also requited to take notioe of any 
Shipwreck whieh shall happen within the distriot of the Li^f:^ 
hooBB, and to enter an account fliereof, according to the prescribed 
fimn, in a Book fanushed to each Station fbr tills purpose; and 
in sndi aeoomtt they shaQ state whether &e Lif^t was seen by 
any one on board the shipwrecked Yeesel and recognized by l^em, 
and how long it was seen before fte Vessel struck. A copy of this 
entry shall form the Shipwrecked Eetum, to be forthwith for- 
warded to the Engineer. When any application is made to the 
Li^tteepen Sa information as to shipwrecks in the nei^i~ 
touihoodof the Station, or us to the stutu of the weather, or the 
management and arrangement of the Lighthouses, they are to 
direct the appUouite to oommunicate with the Engineer or Becte- 
tary of the Boibd in Edinbm^h , 

XIY. A Ecok, containing a note of the Vessels passing each 
Lig1i1Iimii^o, ih-Al he kept; and an annual Sdhedtde, shewing the 
number of Vi>?.'elB iu each month, shall be s^t to the Engineer 
in the month of January. 
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XV. The Mimtlil^r^d. ^P**]^ Ilctuiiui ai« to Iw written by- 
the ABsistant, and the aixonipaaymg letters \ij fbe Prmcipal 
Ljghtkeeper, The whole shall be caietullv compared, and the 
additions of the vanous (mliimnB tested hy both Lightiteepern. 
who shall also sign the eaiue as correct, aeeording to the pmitud 
fbnn, and the Principal Keeper shail dospaWh by post to the 
Engineer as soon possible. The accounts presented at the 
Lighthouses are to be earelidly examined and dieokad Ity botii 
Lightkeex>ers, before being sent to the Bngineer. 

XVI. For each Station there shall be at least one person red- 
dent near the Lig^htbouse, who shall he fiillj inetructed in the 

whole pruclice of the Light-room duty, and shall come under an 
agrecmtrnt to he ulwiiys ready to take the place of either Keeper, 
in wise of sickness or other emergency. This person ebail be 
palled the Occasional Keeper;" and he shall be duly instructed 
in the dn^, and qualified ibr this trust by a residenoe in the 
Lighthotue, and aonrae of trmning in Qie whole of the dntj dur- 
ing not lass than three weekt fbr the Reflecting, and fbnr neeb 
fbr the Befracting Li^ta. For the purpose of keeping up the 
practicsl bnovle^e of the ' ' Occasional Keeper," he shall be an- 
nually nailed in by the Principal Lightkeeper to do dirty for a 
fortnight in the month tif .lanujiry ; and the same shall be stated 
in the Monthly Ls'tti r. At liiru> ( -filile Stations, where there are 
two " Oecasiouiil K^■l■pl■r^.■■ !lu v each serve a fortnight in 

January, and shall, as nincb an ]iossible, be ciiUed in alternately 
to do dnty. 

XVII. The Principal Lightkeepcr is held responsible for the 
regularity of the Wutj:hea throughout the night, for tiie dleanli- 
nees and good order of the Reflecting or Hatrasting Apparatus, 
Machinety, and Utensils, and for the due per&rmaJice of the 

whole duty of thi' Liglrt-i'uuni or Lijiht-roimiF;. the ciise maybe, 

XVIII. The Principal Lightkecper is iilso held respimtibie for 

I 2 
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the good Older and condildtni of the Houtehold Fumitnre bekmg- 
' ing to the Lightbouae Board, as vfeU in his own hb in &e AtmA- 
aut's house. This dotj extends also to tbe cleanliiiesa of the 
•everal apartments, pussagcj, ftUnrs. rnofs, waier-detenia, atoio- 
Tooms, workshopa, privicjs, iish-jiils of thf- (livelling-houees, offieea, 
rourt, and immediiite access to Ihe Lighthouse. 

XIX. The Ligiitkccpcrs shall endeavour to keep in good order 
and repair the Dykes enclosing the Lighthouse groimds, the 
Landing-places and Hoade kading&innthenae to the Li^thome, 
andiheDndiutlierewiUioonueoted; together with aD other things 
placed mtder -flieir diaige. 

XX. When stores of aaj kind are to be landed for the use of 
the Lighthouse, the Lightkeepers shall attend and giTe their 
ossiBtance. The Frindpal Lightkeeper mnit, upon these occa- 
sions, satisfy hinuelf, as iai as poBiiUe, of tiie qaantify and con- 
dition of t]ie Stores leoeiTed, irhioh must be duly entered in the 
9tore~ho<ik and MonlUjr Return-book. 

XXI. The Lighfteepers are to make a Report ot Uie quality of 
the Storee, in the Montiilj Betom fat March annually, or earlier 
should drcumetances render this necesssiy ; and this Report mnat 
proceed upon apccioJ tri^ of the several Cisterns of Oil and the 
othor stores in detail, both at the time of receiving them and afler 
the e^iperience of the wiatei xaonUs. 

XXIT. At allStationa where Peat Fuelisiunse, there must he 

such a quantity of Peats provided, tbat the Stock of tiie fbrmer 

year shall be a siiffirient supply to the end of the current year. 

XXm. Should the supply of any of the Lighthouse Stores at 
ainy time appear to the Principal Lightkeeper to be getting short, 
so as thereinto endanger the regolaT appearance of the Light, he. 
shall inunediatelyintiinatellieBametotlie Engineer; and he must 
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be guided hy prndenoe in ledueing the ttated number of Bnrna™ 
until A sappl7 be received. 

XXrV'. TheI.li;TL,.. m-, , .r. .|,ii,it. .i sV. rarrjinff rm any 
trade or business kIkclut, 'I lirt ^ir,' ii.-u iiniluljited from hav- 
ing aaj boardera or lodgers in their dwell ing-houseB, aiid from 
keeping dogs at the Lighthooae eatablishmenta. 

XXV. The Ligh-fteepera are aUo directed to take oare that no 

smuggled goods are haiboured or concealed in any way in or about 
the Lighthonae premises or grounds. 

XXVI. The L^htieepers have permission to go from home to 
draw their salaries, and also to attend church. The Assistant 
Lightkeeper, on all occasions of leave of absence, must consult 
the Principal Lightkeeper as to the proper time for such leave, 
and obtain his consent; in like manner, the Principal [.igbt- 
keeper shall dtdy intimate hia intention of going from horan to the 
Assistant Lightkeeper; — it being expressly ordered that only one 
Lightkeeper shall be absent from tho Lighthouse at one and the 



XXVII. While the Principal Lightkeeper is absent, or is in- 
capacilatf^d for duly iiy ^irkiii-^^, \\u'. full i-haTny uf thf Light- 
room duty and of tin.' pivmi^i'S ihaW :hv.,U-.: upoij the A^,-l-tant, 
who shall in that case have access to the keys of the Lightroom 
stores, and be held toBponsible in all lespeeta m the Frindpal 
Li^&eeper; and in case of tiie ineapadtyofeifiier Lightkeeper, 
the assistance of the Oecsnonal L^htkeeper shall be immediately 
called in, and notice of the same (^ven to the Engineer. Notice 
to betaken of any audi oconrrenceB in the Monthly Return, or by 
specdal letter ta the Engineer, should drcnmstances render this 

XXYIII. The I.iLtlitkin'inT-^ nri. m|uired tn b<! sober and in- 
dustrioua, cleanly in their persons and linens, and ordiirly in their 
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fumilies. Thej must OTJi'liict tlieiaselvofl vilh dvility to st 
hj shewing the premises, at siioli hoorB as do not mterfere with 
the pToper duties of ihnir office ; it being eipraw^ nnderetood, 
lh:Lt ■ti-. -.1- ^ all iiiit be admitted into the Li^t-room after 
sunn-., liu; no uwm-y ut other gratuitf shall be taken firom 
stmu^tTs i>u any pretence whatever. 

XXIX. Freqaeut iatimatioiu having been made in the news- 
papen as to Pleasure Bxcnrsions to Islands on which Lighthouse 
Establishments axo placed, and representalinns having been made 
of the danger of injury to the Lighting App^iratUB from parties 
crowding the Lightn-room. it is hcrobv directed that, when more 
than twelvp ptirsiuiF vi?rt a ^Tntiim. the Lir^ht-rDOm und Tjighting 
ip[ t t II 1 !h 

J J til 1 11 1 t 

anj Light-room at one and the some tunc. The Lifilitkeepers 
must uui uu Hu/ pniUisi aiLma puTBuiu in a Btate ol int^jzioadon. 

The Lig^ome EstabUshiiHaite are not to be open to the public 
on Sondaj. No ittauger vi^-di:^ a Inght-nxna ehall be peimitted 
U> handle ai^ part of the Apparatoa, ot make DiawingB, or to 
take onj Dimensions, anless he shall prodnoe a written wihori^ 
for so doing &om an Officer of the Board. 

XXX. The Lightkeepers are ^a appear in their Uniform-dress 
when any of the Commisainners or PrineipaJ Officers visit a Sta- 
tion, and also on Sunday ; — on which day, at noon, the weather 
permitting, the Li^thonse flag shall be hoisted by the Asdstttit 
Ligjitieeper, or in his absence by the Prindpal L^htkeeper, 
when it shall remain displayed ontil annset. 

XXXI. In collecting the Accounts due to tradesmen xad others 
near the Station at the Half-yearly Terms, tie Principal Keeper 
most send the exact Address of the parties to whom money is to be 
paid, BO that an aider for paymBiit m^ readi tiiem directly from 
the Office, l^iere aie idso issDed two Fapera, one of which is 
called " Li«t of Accounts delivered," and the other " Aocount eg 
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Sums claimed." The fiTst Paper must contain a list of the small 
Sams mentioned below, and his aim customuy claims. In the 
•econd Paper the Keeper will enter hit own daimi in det^, tha 
amount of which will also Im entered in the first; and lie will, at 

the same time, giye a copy of the Form to the Assistant far tha 

entry of his claims. The Principal Keeper will send direct to tte 
iiiii'irLrf.r otlier Accounts incurred for Work done ut the Light- 
house, Mon as the Work is cnnipletud, without waiting till tiiB 
end of the half-year. The Half-jerirlj List will thus merely 
include any small Accoonts. such -.i? those for Washing, Carriage 
of Letters and Parcels, Rents ,uf Sc:its in Church, Shoeing the 
Hone, and other small costoroary charges from the Keepers. 

,x jt ?(' 1 1 . "in Che erant of any neglect occurring in the pertbim- 
aoce of any part of tlie duties required fiwm a Light^per, the 
offending party shall, jointly with fhr olher T.iijhtkBi'jier or 

Lightkeepera at the StatioD, s™l imi,'' ■/'•it. u,:' i. ,■ thi.' rir- 
cumstancB to the Ei^jineer ; an'!, in the i.ivut i.i'i iie ijaiiv refus- 
ing or n^^lecfing to amour in giving this intimation , thi; others 
(whether Principals or Asaistants) shall proceed to give the notioe 
in their own names. 

TC yynr . Thehreachof any of the foregoing Rules and Inatrot- 
tions shall snbjeot the Lightkeepers to dlamiaaal, or to such otier 
punishment as the nature of the ofibnce may require. 

XXXIV. It is renmnnraded thiit tho IMndiKil T.ight- keeper or 
other Principal Ollirer at the resi)c,:the Lighthou^rs for the time 
being, shall, every Sunday, perform the service pointed out for 
the inmates, by reading a portion of the Soriptares, and any other 
teligioiis book flunished by the Board, and the prayer composed 
for their nse by the Rev. Dr Bmnton, one of the Ministers of 
Edinburgh, or other Prayers in any work fomiahed the Board. 
For this purpose, the Prinmpal Li^tkeeper shall inrite the 
ftmilies to aiiemble at noon in the Tiaiting Offloers's room. 
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XXXV. The Lightkeepers are to observe that the above general 
Regulations axe without prejudice to mj more spedal Instruotioiu 
which ma; be made applicahle to any particular Lighthouse, .or to 
mcb orders as may from time to time be issued bj the Engineer. 

XZXVI. As the ComnuBsionere Imve no power to make pn>- 
vlsjons for the widows and children of persocB iit their eerrice, 
thej directed, by Minute of Sth Februa>7 1839, that in lieu 
thereof, the sum of £3 per annum be added to each Lightr- 
beper's Salarj, to be retted, and applied towards efiboting an 
Insurance on hii Life, under die following It^^ti(HiB,wliidi are 
here repeated for the infbrmation and guidance of the Light- 
ieepers : — 

I. That the anm rstainad for InsurBQCO sh^l in no event be payable 
to or assignable by any Lightkeeper, or attachable by hia creditor«. 

employed in paying sji aonnal premium on s Policy of Ipsurance on 

raium, in reference to fbe ag^ of the party insured ; the policy for such 
iosuraace to be taketi ia name of the CommiaBionera, and the sums con- 
t^ned iu them to be payable to the ComminioneTa after the death of 
the Lightkeeper. 

3. That it shall be competent to every Lightkeeper, at any tima 

applied for the benefit of his wifeadd family ; hut it is to be understood 
that the BoanD couridsr it Inexpedient that in any cais they ihonld 
rstaln the mm coining into their banda for baboaf of iDch widow or 
familjr ; and that In the event of no written direcdona being left, the 
BOABD will apply such Bums for behoof of the widow or bmily, one or 
both, at their diecreUon, tn such way aa tbeymsythink moat bensfidal, 
without having regard to the manner in which aoob aaoiB mij^t fall 
to be divided at common law. 
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4. That in the evenc of no eaah directions for behoof of the widow 
and family beiog left b; the Lightkeeper, the Polioiei, and eume 
arising from them, ehall be held bj the BoABD ez61ud.ve of the eredi* 
ton 01 oUier aaigneea of the deomsed Llghtkeaper, the al^act bdng 
to provide • fond to the widow end feuulj, where mdi u« left. 

5. TbBt in the event of sny lightkeoper being at any time dii- 
Diissed from, or leaving, the service of the BoabD, he is lo have no 
claim on the Policy, nor for tlie annual premimus pidd, nor for its 
value, — the same, in that cas«, being entirelj at tlie diaposBl of the 
BOABS ; with power to them, nevertheless, if they shall see came, to 
g^va np the Policy to the party dismissed or leaving the service, or 
to bli fiuuily, or to give ile value, or otherwise to dispose of it. 

6. That in the event of any Lightkceper dying, and leaving no 
wife and family, the BoaBU will etm apply the sums coming into their 
bauda in term* of any written directions he may leave ; but fuling 
■Dch, and, on his dying intestate, the Boabd will leave the buuiance 
Office to settle vrilhliii next of Idn according to tbe usual forms of law. 

7. Tliat fojm the Salary of every Liglitkeeper hereafter entering 
the service, a sum of £3 ahaU be retained annntdly to effect aa Inaor- 
ance on his life, aubject to the above conditions. 

XXXVII. Theao Instructione are to be read in the Light-room 
by tha Principal Lightkeeper, in the hearing of his Aasistsiit, on 
the term, days, before drawing Ms salary ; and notice of SDilh 
reading taken in the Monthly Betums. 

(Signed) ALAN STEVENSON, 
Engineer. 



Omoi or IH» Bdian or NoalBaBK LioHiHonMs, 
Gpihidboh, Utd D««n^ IMS. 
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Tlie Commission ere liaviug considered tie preceding Eul(!s and 
Instnicfiijns, ajii)r(iYii uf lie same ; direct them f<> be Bubetituted 
for those now in uee ; appoint them to be signed bj the Engineer . 
and oopies of them and of this Minute to be isBiied to i^e preaeot 
Liglitkeepen ; direct a mpj to be delivered in future to each 
Lightkeeper at Oie time of Ms appointmest, that the^ may 
nnderetand that they are placed under the department and super- 
intendence of tbe Engineer, whu is held responsible for the strict 
obeervance of the Rules and lustriictious, and for their general 
good conduct ; tliat the Engineer has jiovtct, in case of neglect or 
disuliciliu[('(\ ii^slatilly lo susperii) and remoTe any of the Light- 
kfi^pi rt ^inil lo ri'|ji)Tt the ciise to the Coiumissionere, bj whom it 
will be considered, and the offending party subjected to dismisBal, 
01 auch otJier punielunent as the oSbaae maj merit. In case of a 
p iiriiaTimAtt fc leaa than diamtBaal, tliat orcnnvtance, as well as Uie 
genial oonduot of the LighUeeper, 'will always be taken into 
consideration when any application may be made £>t the Supei- 
annnated Allowance. 

Extracted from the Minatei by 

ALEX. CUHINGHAM, Sscy. 
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PUBLIC WOKKS 
THE UNITED STATES OP AMERICA. 

In 2 Parts. Imperial Folio, cpniprising Ihe foUowinir verj important 




The Plates are engraved Id the heststjU of art bj the Le Keuxs from 
elabonte drawings made eiprssely for Che work. Cars has been taken 
tiut each samaot contains eieej dimension neeeuaty to ihew propor- 
tion and paiti of eomtrDction. 



Price £2 ; and in an Sro. toL pcica Ga. ; (aold together, £S, Ga.) 
BBPOBTS, BPBClriCATIOira, AND ESUIHATES 

PCtBLIC WORKS OP THE UNITED STATES OP 
AMERICA : 

Explanstor; of the Atlai folio of detailed GngraTingi, elocidatiagprae- 
tleally Iheae important EnglnaulBg W<ndia. 
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PtTBLIO WOBKS OF CtEBAT BRITAIN; 



ll^lways, RiUb, Chain, Blocks, Cuttings, Emb&nkmenta, Tanaels,. 
Obllqoe Arobea, Tiadiicta, Bridges, Stations, Locomotive Enginea, 8^ ; 
Oast-Iroa Bridges, Iron and Gas Works, ORnalK. Lock-GaUs, CenteriuK. 
Hannrv and Bricltwork fbr Cnn»l Tunuels : Ciinul Boats : the Landon 
and Liverpool Docka. plans anil uimensions. FJock-ijaies. a.Us, Quays, 
and tlieir Masonry: Moorlng-Chains : Plan of Ihe Harbour and Port of 
London, and other immrtjnt rjuRiiieennir u-i)rt8. with destnptlonB and 
the Civil 

Lng an h B gn engineer. 



.v.irka in several parts of Ctia kiDK- 
le volume tiiat mav be prefemd in 
of tbe BUsworth Cattinga, on the 
'icoily coloured : Glaagow a^d Gam* 



3S Plates, large follo^ boand, price £1, Is. 
THE HAKBOUB AND PORT OF LONDON, 

^ eOIENTIFICAIiLT, COIIlIEBOIAIiLI, AHD HISTOBIOALLT lOEOBIBED, 

Sold leparau, tut intituled In ti« pnctding. 



■ In ISmo, in tooriJe, comprising 390 p.igee, price 6b. 

A SYNOPSIS OP PRACTICAL PHILOSOPHY. 

By tbe Bev. JoaN Cark, M.A. 



In 1 Urge 8to. T<dnme, ydOi Flalee, Second E^tion, prioo it. 63. 

THE lUPKOVBMENT 01" TIDAL RIYEHS. 
By DAVID STBVBiraOir, OB, FJl.S.a, Ac 
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CATALOGDE 
■KTJDIMENTARY, 

;EDnCATIONAl, SCIENTIFIC, AND- CU8SICA1 

WORKS 



COLLEGES, HIGH AND ORDINARY SCHOOLS, 
AND SELF-INSTRUCTION; 



A LIST OF WORKS ON PRACTICAL SCIENCE. 



MECHANIC INSTITUTES, 
LITERARY AHD SCIENTIFIC ASSOCIiTIOHS, 
BOROUGH ASD CITT FRSE LIBEABIB8, 
OF BTDDBRTH GBHERALLT. 



JOHN WEALE, 59, HIGH HOLBOEN, 
LONDOK. 

im. 
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DRAWING BOOKS 



For Stndenta' me in Schools, Mechanioi' Institatioiu, and 
vfben, deiiriBg to Mqnin a n^eriw nttkod of Drawing 
and 8h«dinring, u piaotited in the bMt flohoolt of FnuiM. 



CODES, ELEHE:;TMEKt tk LAVIS ^.jil.'ii^'iil.'AMinTECTIIfiBi fblici 

verj finely eiccuMd b} tlie bet!, a; lists of France, price 21, 10». Farii. 

OODBS ELEMEKTAIRES Je LAViS appliqufi a OEBRMEHTATiON; foUo 
Tolume, conltdniEg EO elaLcratelj engraved plates, in ahadoo's and Unta, 
verj finelj eiecutcd lij tiit best ai-tista of Frajice, price 2L 10(. Parii. 

XICDBS FB0GBB8SITES ET COMPLETES D'ABCHITECTCEE de Lavii 
par J. B. Tripoli ; Iirg« fidio, 2i fina fiiXet, eompiiaiiig the Orden of 
Aidittmtnn^ monldingi villi profiles, (nnunanb^ and fomu of thoir 
proportion, art of iblidoirii^ doote, bstiuttt^ ptkrterra;, tea be. Ik., 
prin ll, 4f. Pari*. 



In Jbx, vitiiUplBt«a, inJuUiOatli, bouds, prise 7«.6d. 

PBAOnCAL SULBB OH imiRRe BOB THB OrBRATITS BIHLDBB 
AIID,.TOini<i fiTDDBHT in AnUteotim 

1 fneticUJlutet on 'Dmnut, OntGnei. 

9, RnctiMl Balea on Diwnng, the Gndan and Soman Orden, 

3. KaoUealHaUaoBU^aiKlSlutdfl. 

4. Fnetioal Xilei oa Odsai, ka. ke. 



In 4lo., boarili^ S plitei, aiid 76 iroodent^ priM 0*. 

AHOHEPBOTDEB 0? HAOHINBBT. An Vauj on rropriatjf of Form and 
Pnparlton. Intandad m a (aide toaadrt tbe Student IntbaDrairing 
aaj Deaignlng of WndiBerj. FortlM ua itfStndcDlinidSelKnfanMtenL 
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ME. WEALE'S 
Smm OF BUBIMENIAET WOEKS. 



Mb, Weiu hu prtipavi for pabUintitai, in * neat and eonieiiieiit die, a 
teriee of origiiud and •aaetal Tolumea, b; the moat esteemed writers, Imming ■ 
Budimentaiy Course Ibr the eae; compreliendan of the leading prin^Iee of 

It baa been temulud tlut " than who ue in the ahio of Seienca dujM to 
lancimlMr that the disoiptea cannot airiTe without the aid of boats." Populsi 
TreMiie* ■» to Biaencoirhat boata m to laixe dupe: tb«T aauat poofda m 

getting abonrf. Diit as nn one wohW fraat timaolt to a weak and inetSoient 
boat. BO no oiip 011^1:1 lo bffin tup t-nnW of .Scjrnnc wuji nn mu-crfcet guide. 
It 8oniEt;mr' li-r i - li - -i m'' ' ■ ;■■ i. - .-^I'y bj-the 

omieeiouoi lu, . > 1 ■ m i.;. j. :i, 1 , - ,■1,1. . - ■ ■ ..1 :■ ■ i.ipy Btato 

resulla wi resnlla 
are gained ; tncv ueji laigeiv m facta, and leave pnaoiplca untoiiijlied. 

The only metkod of BToidmg Ibia error le to confide to men. who are 
masters of tbeu respectiTe eobjeeta the task of dFawing npFopuIar Ijitrndne- 
tiona t« tbe soTeral branchea of Soiened, as wellBinaibng elanentaiypmeiplea 
Trifh practicn! applicatione. The PubUslier fmata that tie following hst of 



generally. "hUc tlu ir lov i.iice "ill nbino tli™ "ithin the reach of all dasaee 
eanung their doily bread. 10 manvuf whom sknovlodge of the elemrals,tO0ethai 
wlthtiioprsetice. of the gcieicee are powve gams mtheoonunonpumulK^lib, 
»• -well as a means of n-inmng from groea tastei, and presenting to the miitd 
noble and woiibvobicrte of etudv- Theaenss. also, is extended to the Blamsnta] 
and Practu al Ei:ieni e of MatHcmnticn. for those who desire to adTsnoe and 
perfect tiieir stu liQ=. IfeolhSr with an Edueatkraal Series. The whole in 

1. OHEMISTRT, by Prof. Fownes, F.B.B.iinoIniii>gA*rieult™lCl»- 

jusfay , for Bib use of Fannm. 4theditiaii . . . la. 

3. KATDBAL PHILOSOPHY, bj Ohlilea Tamliiuon. fed efiftm . . la. 
>. SEOLOQT, bTCol.'FoTttook,P.B.S.,fto. Sraeditian . . 1>. 6d. 
4, 8. maSKALOCIT, ynai Ur. Duu's adSUoDB, Sridi. in I. Sod tWoa 2f, 
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e. USGHlinGS, b;01uTl«BTomlmson. Itheaition . . . li. 

T. BLBCTaiCITT,br8i»WUliBm8nowH«ms, F.E.8. 3rd edition Is. 6d. 
7». SALTASISM: ANIMAL AND VOLTAIC ELECTRICITY; Trea- 

tise on the Cieneral Principles of Gi.lv-inic Science, bj- tha aanio U. 6d. 
8, 9, 10. MAGNETISM. Cnnn=e GY,).i=iti(,n of, by the aamc, 3 vols. , 3.. ed. 

11, II". KLKCTRIC TELEfnUTlI, lli.t.ii-yof tlic, bvE. IliaMqn. C. E., 

double Part 2<. 

12, PNEUMATICS, 1)7 Uli3.1ei lV.,ilin=on. 2ji(l cdiiion . . , , Is. 

13, 14, 1.5, CIVIL ENGINEFlltlNG, by IIi;ni y L:.iv, C.E., 3 vole. ; and 

IS" Supplenicut . 4.5, 6d. 

IB. ARCHITECTURE (Orders of), by W, H, Leeds. 2nd edition . . U- 
17. AECniTECTtntE (Styles of), by T. Bury, AvL-hitocl. 2na sdifion, 

with additional cuts U. 6d. 

18, 19. ARCHITECTURE (Princijilea of Design ia), by E. L, Qarbett, 

Architect, 3 vola " . . . . 2*. 

20,21. PERSPECTIVE, by G.Pyne, Artist, 2to1s. 3rdeaitioQ . . 2i. 
22. BDILDING, Art of, by E. Dobaon, C.E. 2nd edition . . . . U. 
23,2*. ^BRICS-MAKING, TILE-MAKISG, Sc., Art of, bfthe aaxae, 2 ^ 

2fi,26. UASONBT AifD 8T0ITE-C1DTTIN9, Art of, tiu- nme, with 

illuatrations 2f. 

27, 28. PAINTOrO, Art o( or a OBAKHAB OF COLOCIONa, b; Qvage 

Elsld, 2t<iIi. atdeditioTL 2*. 

20. SBAINIKa DISTEICrrS AND LANDS, Art of, by a. D. Dempsa;, 

0. E. 2ndeaitioit U. 

30. DBAINIKS AUD SEWAGE OF TOWKS AND BTJILDINGS. Art 

of. 1? the Mine. 2ud edition ls.6d, 

31. ■VTELL-SINZHIG AMD BOEING. Art of, by G. E. BumeU. C. E. 

2iil edlban It, 

32. USE OF mSIRDUENTS. Art of Sie. br I. F. Entther. M. A. 3ci 

edition . . . . ■ . . . . . . 1». 

M. OtfflSTaiJCTIKe CRANE8.Arto(. byJ.G^. P.B.8..0^. 2iia ^ 

34. STE.V.M ENLlIXIi. Trciiliieoii the, bvDr. Lardner. SthedUion . Ij. 

35. BH^-]IMJ ii'iri;-. v.Vli ijiHIiRYING. AND OH 8TONE.,irtof. 

b\ I II II -.ii ,! li ,, iM I ..(;.(;. II,. R,E, lindeditioE , . Ij. 
3S 7 by A h BuU re 

ED:;iiiccrs.:Suri'evur9.Arti!^ts.Uhip-buildcrs.&D.. 4to1s. 2udedition ii. 

40. 6LASS-STAINING. Art of. by Dr. U. A. OeBssrt . . . . U. 

41. FAINTINa OH 0LA8S. Bmj on, by Z. 0. Frambeig . . . Im. 

42. COTTAOS BIHLDINa. TrutiM on. 2nd edmon . . . . It. 

43. TOBTJLAK AND GIRDER BRIDGES, and others. Treatise on. more 

particularly uescnbing the Ri-nniiDi!i fithi uonivav Bridges . . Ij, 
ii. FOUNDATIONS, S-c.. Tm'i^e no, bv E. Dobwn. C.E. . .- . U. 
4,i. LIMES. CEMEXTS, MOUTAHij, CONCUKTE, MASTICS. 4o.. 

Trealifcon. bvG, K, Euriull, C E, 2nd edition , , . . Ij. 

46- COSSTRUCTING AND REPAIRING COMMON BOADS. Treatise 

on 111.' Ail...f. Ii. [I, l.iliv, i:.!'), I'llil I'Jilicil I(. 

47- 49, -to. CONSTIIUCTION AND ILLUMINATION OF LIGHTHOUSES. 

Tre:iliso r.Ti thi-. liv Alan Stevenson. C.E., 3 vols Sa. 

60. LAW OF CONTRAllTS FOR WORKS AND SERVICES. Treatise 

on the, by David Oibbons. 2nd edition Ij. 
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SI, 62, S3. NAVAL AKCHITECTUBE, FriiuiplM of Oa Scieiue, Trutiw 

on,by J. Peake, K.A., 3vola S(. 

lis*. LAYINU OFF SHIPS, being an Litroduotiolt to the Honld I*ft id 

ghip-Builomg, br Jatnes Peake ll. &f. 

S!*». THi LAMR OlTILINE JXLOSTBATIOfiS OP DIITO . U.M. 

E4. UASTINCI, HAffl-UlKIKQ, ASB BIGGINQ OF SHIPS, Treatiu 

S^.&S?^^^Sli^mQ,hij.Qruithtm,hjE.' . '. '. .'alleA 

56, 68, NAVIGATION, TrealdM on: THE SAILOE'S SEA-BOOK.— 

How to keep the Log and work it off— Latitude and Longitude — 
Great Circle Sailing— Law o( Storms and Variable Winds ; and an 
eiplanation of 'J ernia used, with coloured illustrations of Flags. 
2to1s. 2nd edition 2j. 

57, 88. W.\BMIH& ANU VEKTILAXIOS, Treatise on the Principles of 

the. Art of, by Churles Toinlinson, 2 volB., with the AdiUtiuii^ . , 2i 

59, BTEAM B0LLEK8, Treatise on, by R. Armstrong, C. E. . , , Ij. 

60, ei, LAND AND BNGINEEEIK9 SUBVEYING, Treatise on, by T. 

Baker, C.E., 2 vols ... 2,. 

63, HJJL WAY DETAILS, Introduotory Bkef cbes of, by Sir M. Stephenson, 

6S«, EAILWAT WOllKIXG IN GREAT BEITAIN, Budimailary 

IVetitiHo on ; nuracrou? Slatialical Deiails, Table of UarilalandDiTi- 
dends, form of ki;icnuc Aeeounl, Kail way Clearing-hoiue, 

bj E. D. Chattamy. Vol. II li. 

63, 64, G6. AGlilCL'Ml'KAL BUILDINGS, Treatise on the Construction 

Airimlturnl Maehm'irj" by G. JL AkU^^s, 3 ™ls.^" ™ 3j. 

fiB, CUYHNDS & LO.AMi; SOILS, Titatise on, byProf.Donalilaon.A.E. li. 
67, 68. CLOCK AND WATLH-.MAK IKG, AND OS CUUECH CLOOliS, 

Treatise on, by E. B. Denison, M,A,, i vols 2i. 

e», 70. MDSIC, Practical Treatise on, by C. C. Spencer, 2 vols. 2nd edit. 2». 
n. PIAMO-FORTE, Instruction for Playing the, by the same, . . 1,, 
72, 78, 74, 76. BECENT FOSSIL SHELLS, Treatise (A Manual of the 

MolluscaJ on, by Samuel P. Woodward, and Ulustralions, 4 vohi. . 4i. 
75*. EECENT AND FOSSIL SHELLS, Treatise on, by S. P. Woodward, 

Supplementary Volume, with Plates 1(. 6ii. 

76, 77. DESCRIPTIVE GEOMETRY, Treatise on, by J. F. Heather, 

M.A., 2 vols 2i. 

77". ECONOMY OF FUEL, Treatise on, and on Revcrberatory Furaaces for 

the Mannf:,clure of Iran :mJ Steam iioikra. byT. S. Priiliiam, Esq. 1*. 
78 79. ST1-;AM AS APPLIED TO G1:NHI1AL i'LKrOSES AND LOCO- 
MOTIVE ENUI.N'KS, 'hTnii-f mi, by J. Scm-l 11, C. fi,, 2 vols. . . 2i. 
78*. LOCO.MOTIVK >:NGI>,"1"., IWH'C on, bj U, D, Lfmpspy, C,E, li.Gd. 
79*. ATLAS Of PIATliS lo the- ^ib^fc, conastingof cxistingEiamplcsof 



79'*, RUDIMKXTAKY l\Oli.K: g.\ I'EOTOGEAPHY, the Art of Pto- 

alld'aiLo Tiibk-")! tl'ii; Curlipo=iu™ anrProperl^s ort^Lhemioai 

80, 81. MAKISE 'E^■OI.^'ES, AND ON THE SCKEW, &c., TresiUsc on, 
by K. Murray, C,K,, a vdl!^, Urd edition . . . . 2i, 

80», 81*. EMBANKING LANDS FKOM THE SEA, The Practici; of, 
bTjottE Wigguia, F,U,S., 2 vols 

82, 82*.' POWER OF WATEE, AS APPUBD TO FLOUR MILLS, 
So:., Treatise on the, by Joseph Glynn, F.E.S-, CE 
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by "W. Bland 
i. ARITHMETIC 



:sc an, the Tlieoi;. ind iiiiiawiim 
Si-if-BrominKtiBn, b; Prof. J. £. 



86*. S7»- ELEMENTS OF ALGEBEA. Kav lo tht. bv Piuf.Toune , Ij, &d. 
BS. 89. GEI>JIKT11T. Princiiiles of. bv Henrv Law. U.F,.. 3 vols. . . 2t. 

50. SEOMETET. ANALYTICAL, bv James HiUin Ij. 

51, 62. PLAIN AND HeHliSilCAL. TUlOOMUUEl'itY, Treadgea an, by 

ttie aame. 2 coIb. . 2l, 
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XVICL— Valiutioh or Touau avd Texar Bisbt. VHb 
Tdto for lUanmiig and Talidng Ha; Hoka. 
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XIX.— ViLBinOH OF PaRBEM. 

XX— BDII.DER3' Prices. 1. Cixrpcnfsra- and Jomers— S. Masons'— 

rium" — T I I I I'm -r. and Ueoorators'— 10. 

(,1 ^ -II V I - . u il -13. Wireworkets'. 

XM— n. Fir ri>N'. \ I s 1 1. i eral Definitions- 2. 

riUiii.idaliuiiB bv Tenants lor I.ile ind l uars— 3. liitto by Mortgagoe or 
Mortgagor— 4. Ditto of Party \\ iLlla uml i L-nees— a, Ditto oE Highw»Jt 
anil Bndgee — 6. KuisonceB. 

XXfL— Thb I:u.w BitiTiHU TO AprjiATSEna AN-n AdCTIOSMbS. 1, 
Tbe Law relating to Appraisenieuta- 2. Ths Law of Auction. 

XXIIl — LmLOBD UD TiNutT. 1. Agreements and Lease* — I; 
Nottce to Quit — S. DittreM — 1. "Snaoiucj at Foaaei^uL 

XXIT.— Tablbt Of ITatunl Sines and Oooinea— For Bedndng 
Unka into Feeb— DeoinwlB of a Pound Sterling. 

XZT.-^AiiF Um.— SiKmp DnHea— Coatomtf DnUei. 



EXAMPLES OP VILLAS AND COUNTRY HOUSES. 



ON LAITOBD PBOPEETY, Br pBOiESSoa DoKAtnaOK. 

L — Landlord end Tenant — tlieir Position and Conneotiona. 

II. — Lease of Lnnd, CoadUioBB, and ReatrictuKia; Choieeof Tmant 
and Assignation of the Deed. 

ILL- CultivBtiou of Land, and Rotation of Crop*. 

IV.— Buildings necesearjr on Cultivated Idndi — DwtlUng Hdnaaa, 
Farmenei, and Cottages Ibr Labanreii^ 

\. — La;lng-ont Fsimi, Roads, Fenosa, and Gates. 

VL — HantatitHU — Tonng and old limber. 

TH— Meartom and BrhUuikmsota, Bed* of Kven^ WattrConiMi, 

and Flooded Oroande. 

VIII.— Land Dminint-. Open and CoTor«d,-^lin, Emontion, «0d 

I 

X — H G— fttona of Disbnnmnenta— and 

Relation of me appropnata l-ipcuditui'es. 

XI.— Valuation of Landed Properly ; of tbaS<»l, of Hoosot, Of Woodl^ 
oF Minerals, of Uanotlal Bll^li, of RoyaHtes, and of Fee Rvm Benta. 

xll.— Land atemrd and Farm B^liS: Qoaliflixtions and Dotie*. 

XIII. — Manor Boilll^ Woodrsr^ Gardener, and Oamekaepar — VaiSx 
Foainon ana uuues. 

XIT.— Filed dayt of AndU— Half-Teari; Foment* of Banti— Form 
of NoUosa, BeoeipU, and of Cuh Books, Generil Map oifFstiAM, and of 
•auh sepanta Fann— CooeliidinB Observatlona. 



Digitized by GoOgle 



21 



6 engraviiige and 92 irood-ci 



THE TKEORy, PRACHCB, AND ABCHITBCTUSB 



BBIDGES OF STONE, IRON, TIMBER, AND WIRE; 

F BUBFEITBION. 



Thbokt or Bridou. By Junes Haun, Klag*! Ctdliige, London. 
Qbkbul Pkimcifles or CoxarBucnoN, &c. Translated from OMithej. ~ 
THioKr or nim Akch, Itc. By PFabuor Moidcy. 

FaFEKB on FODNDATIONB. Bj T. Ho^MI, C.E. 

Account of Hdtchison Bkitck, Qi.ABat>w, irilh Spcdficatkin. By 

tic late Robert Stevenson, C.B. 
XEathbuatical Fdivc^rLEs or Dbbdsb's SvaiKvaios BnioaB. 
lissAY AND Treaiisks OH THE Praotiob ahd Aeuihiteotukb or Boipou. 

By Willkm Hoakins, F.S.A., Arab' ud CB. 
Specificatioh or Chestkb Deb Bkidgg. 
Pbaoticai-Dmohiptiohof tbe Timber Bbidi 

SniAinna lUitBOAD, XI. S. By B. F. Iiheti 
DoGiiiititHi ot\bK Plate! General Inder, im., • 



Htbbia Hi^iidini, by W. Bull. 
I. HnoUlt, North SUdb, ud Tsnc- 
BHHUh na«7 TlidiKt term Wu- 



bride* ttBlfi^onr&i 
ontEeBallidion udOUo 
r. gni^snl^pliinof do. 

I. LoapbtHial letBaa aairr 
immnTof Old London brl 



It of tho nto^woHu, Id 
:Iioni oftlMUIiio. 
entiDD of timlHr brideo for 
>ur, u dti^od by Wh- 

^len^ofi 



dio itonfl ^BH. Lft^JO' 

wWch the middle mil of Wotmunfei 
bridge «• umtd, ea^img}»tta,^ 

S. Woymouth bridge, olevntioD uid plin. 
^ Vei^ long ^enlior of HuTeheton bridge, 



SebnylldU it Uuttt 



Digitized by GoOgle 




Digilizad bji Googli; 



JOHN W EAT.Iff S KEW LIST OF WORKS 



23 



SUPPLEMENT TO THE PRECEDING WORK 
ON BRIDGES, 



Irdci- BridBOB. Timber Bi^d^. Mr. Tienief ClarX'/ SoApE 
aimbf^, with every valuable dcliiil ; tuEOtljor with Text J>g5 




S4 JOHN WEAliE'S NEW LIST OP WORKS. 




DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS, AND COUNTKY HOUSES ; 



BIUNa TBR STUDIBa BBTKBU. BKHtBMT AKOHIXBCm AHD BtllLSXBB. 




In Impdliil SnL, iriUi U lug* foMlng Flate^ eitn dotliboud^ ^(h 111, 

A PEACTIOAL AND THBORBTIOAL KSaAY 
ON OBLIQUE BRIDGES. 

Br SIOROK WAnOK BOCK, ILIsAaB. 

DBSOBIPTION TO DIAOKAMS FOE PACILI- 
TATING THE OOKSTEDCTIOK OF 
OBLI(J0B BRIDGES. 

Bi W. H. BUOAir. aK. 

SuiwDd ZdiUon. coitsoUd ud Inifnwad. 



EXAMPLES roa 
BUILDERS, CARPENTERS, AND JOINERS; 
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